ee 
Bs 


, 7 1 ° ; 
By) Fei Ww 
7 \e ea) ; 7 a wh a i | 
é rh 7 ay A \ i ‘ 6 p 
ae 
vi 


raAS 


OF THE 
es - 


SOCIETY OF EDINBURGH. 


2 


TRANSACTIONS 


OF THE 


PFeeetw A 1 S OCTLET Y 


OF 


EDINBURGH. 


EDINBURGH : 


PUBLISHED BY ROBERT GRANT & SON, 107 PRINCES STREET, 
AND WILLIAMS & NORGATE, 14 HENRIETTA STREET, COVENT GARDEN, LONDON. 


MDCCCCXVI. 


i 

Il. 
TI. 
LY, 
N= 
5's 
VEL. 
VET: 
IX. 
».@ 
XI. 
XII. 
XII. 
AIY; 


Published 


January 7, 1914. 


December 29, 1913. 


March 30, 1914. 
March 30, 1914. 
March 12, 1914. 
April 1, 1914. 
April 15, 1914. 
April 30, 1914. 
June 4, 1914. 
June 30, 1914. 


August 18, 1914. 


July 29, 1914. 
October 3, 1914 
July 2, 1915. 


>: 


” 


Vr 
Vale 
XVIII. 
Xx, 
XX. 


XXI. 


XXII. 
XXIII. 


XXIV. 
XXV. 
XXVI. 


RXVIL- 


XXVIII 


Published 


May 5, 1915. 
December 9, 1914. 
February 26, 1915. 
March 10, 1916. 
April 13, 1915. 
May 11, 1915. 
May 11, 1915. 
May 11, 1915. 
May 20, 1915. 
May 20, 1915. 
May 20, 1915. 
May 22, 1915. 
June 22, 1915. 
August 24, 1915. 


CONTENTS. 


PART I. (1913-14) 


I. Sphzxrostoma ovale (Conostoma ovale et intermedium, Williamson), 
a Lower Carboniferous Ovule from Pettycur, Fifeshire, Scotland. 
By Marearer J. Benson, D.Sc., Professor of Botany in the Uni- 
versity of London, Head of the Department of Botany at the Royal 
Holloway College, Englefield Green, Surrey. Communicated by 
Dr R. Kinston, F.R.S. (Plates I and II), . , Pa et, 1 


Il. Studies on the Pharmacological Action of Tetra-Alkyl-Ammonium 


Compounds. I. The Action of Tetra-Methyl-Ammonium Chloride. 
By Professor C. R. MarsHatt, : i eelth 


Il. Polychzxta of the family Nereide, collected by the Scottish National 
Antarctic Expedition (1902-1904). By L. N. G. Ramsay, M.A., 
B.Se., Carnegie Research Scholar, Christ’s College, Cambridge. 
Communicated by Dr J. H. AsHwortu. (Plate I[I1), ; Bed al 


IV. On the Genus Porponia and Related Genera, Scottish National 
Antarctic Expedition. By Professor OskAR CaRLGREN, Universitetets 


Zoologiska Institution, Lund. Communicated by Dr W. 8. Bruce. 
(Plate IV), -. . 2g) 


V. On the Fossil Flora of the Staffordshire Coal Fields. Part II].—The 
Fossil Flora of the Westphalian Series of the South Staffordshire 
Coal Field. By R. Kipsron, LL.D., F.R.S. (Plates V-XVI), Fee ae 


VI. The Anatomy of a New Species of Bathydoris, und the Affinities of 
the Genus: Scottish National Antarctic Expedition. By T. J. 
Evans, M.A. (Oxon.), Lecturer in Zoology in the University of | 
Sheftield. Communicated by Dr J. H. AsHwortn. (Plates XVII 
and XVIII), . : . LS 


al 


NUMBER 


Vil. 


VILE 


IX. 


XI. 


XII. 


XIII. 


CONTENTS. 


Rupture Stresses in Beams and Crane Hooks. By Ancus R. Futron, 
B.Sc., A.M. Inst.C.E., Engineering Department, University College, 
Dundee. Communicated by Professor A. H. Grsson, D.8ce., 
A.M. Inst.C.E., 


Scottish National Antarctic Expedition: A Description of the 
Systematic Anatomy of a Fatal Sea-Leopard (Stenorhynchus 
leptonyx), with Remarks upon the Microscopical Anatomy of some 
of the Organs. By Harotp Axet Hate, M.B., B.S., M.R.C.S., late 
Lecturer in Histology and Embryology, University College, Cardiff ; 
M‘Robert Research Fellow, University of Aberdeen.. Communicated 
by Professor ARTHUR Rosinson, M.D. (Plates XIX—XXII), 


PART IL (1913-14.) 


Stalk-eyed Crustacea Malacostraca of the Scottish National 
Antarctic Expedition. By Rev. THomas R. R. Sreppine, M.A, 
F.R.S., F.L.8., F.Z.S., Hon. Fellow of Worcester College, Oxford. 
Communicated by Dr J. H. Ashwortu. (Plates XXIII-XXXIJ), 


. The Aborigines of Tasmana. Part Ill. The Hair of the Head 


compared with that of other Ulotricht and with Australians and 
Polynesians. By Principal Sir Witiiam Turner, K.C.B., D.C.L., 
F.R.W., ght of the Royal Prussian Order Pour le Mérite, Emeritus 
Professor of Anatony. (With Figures in Text), 


The Pinna-Trace in the Ferns. By R. C. Davis, M.A., B.Sc., late 
Robert Donaldson Research Scholar in the University of Glasgow, 
Lecturer in Botany in the University of Edinburgh. Communicated 
by Professor I. BayLey Baxrour, F.R.8. (Plates XXXITI-XXXV), 


Studies on the Pharmacological Action of Tetra-Alkyl-Ammonvum 
Compounds. IL. The Action, of Tetra-Ethyl-Ammonium Chloride. 
By Professor C. R. Marsuaty. (With Figures in Text), 


Rocks from Gough Island, South Atlantic (collected by the Scottish 
National Antarctic Expedition, 1902-1904). By Ropert CAMPBELL, 
M.A., D.Se., Lecturer in Petrology in the University of Edinburgh. 
Communicated by Professor JAMES Guixin, D.C.L., LL.D., F.R.S. 
(Plate XXXVI), 


PAGE 


211 


225 


253 


309 


349 


397 


CONTENTS. vil 


NUMBER PAGE 


XIV. On a New Species of Sclerocheilus, with a Revision of the Genus. By 
J. H. Asuwortn, D.Sc., Lecturer in Invertebrate Zoology in the 
University of Edinburgh. (Plate XXXVII, and Four Text-figures), 405 


XV. Atlantic Sponges collected by the Scottish National Antarctic 
Expedition. By Jane SrerHens, B.Sc. Communicated by Dr 
W.S. Bruce. (Plates XXXVIII-XL), . 423 


XVI. On the Fossil Osmundacexr. By R. Kipston, LL.D., F.R.S., F.G.S., 
Foreign Mem. Imper. Mineralogical Society of Petrograd, Hon. Sec. 
R.S.E.; and D. T. Gwynne-Vaucuan, M.A., F.R.S.E., M.R.1LA., 
Professor of Botany, University College, Reading. (Plates XLI- 


XLIV), 469 

XVIL Studies on the Pharmacological Action of Tetra-Alkyl- Ammonium 
Compounds. Ill. The Action of Methyl - Kthyl- Ammonum 
Chlorides. By Professor C. R. MaRsHALL, . . A48i 

PART IIL (1913-14.) 

XVIII. The Mistology of Disseminated Sclerosis. By James W. Dawson, 
M.D., Neurological Histologist to the Royal College of Physicians’ 
Laboratory ; formerly Carnegie Research Fellow. To which is 
prefaced a Preliminary Communication on the subject made to the 
Pathological Society of Great Britain and Ireland by the late 
ALEXANDER Bruce, M.D., LL.D., and James W. Dawson, M.D. 
Communicated by A. Nintan Bruce, M.D. (Plates XLV- 
LXXVII), HAY 

PART IV. (1913-14) 
XIX. Temperature Observations in Loch. Earn. Part Il. By HE. M. 
WEDDERBURN, D.Sc., and A. W. Young, M.A., B.Sc., ; a cal 


XX. On Hemonais laurentii, n. sp., a Representative of w little-known 
Genus of Naidide. By J. SrmpHenson, D.Sc., Professor of Zoology, 
Government College, Lahore. (Plate LXXIX), SS) 


vill 
NUMBER 


XXI. 


XXII. 


XXIII. 


XXIV. 


XXYV. 


XXVI. 


XXVIL. 


XXVIII. 


INDEX, 


CONTENTS. 


On a Rule of Proportion observed in the Setx of certaan Nardida. 
By J. SrepHenson, M.B., D.Sc., Professor of fas Government 
College, Lahore, 


On the Seaual Phase in certain of the Nardide. I. The Anatomy of 
Sexual Individuals of the Genus Dero; with Remarks on Hemonais. 
II. The Genital Organs in the Genus Slavina. By J. StePHENSON, 
D.Se., Professor of Zoology, Government College, Lahore. (Plate 

LXXX), 


Geological Observations in South Georgia. By D. Frreuson, Mem. 
Inst. M.E., F.R.G.S. Communicated by Professor J. W. GreEcory, 
D.Sc., F.R.S. (Plates LXXXI-XCI), 


The Geological Relations and Some Fossils of South Georgia. By 
J. W. Grecory, D.S8c., F.R.S. (Plates XCII-XCIII), 


The Petrology of South Georgia. By G. W. Tyrreu, A.R.C.Sc., 
F.G.S., Lecturer in Mineralogy and Petrology, University of 
Glasgow. (Plate XCIV), 


The Anatomy and Affinity of Deparia Moorei, Hook. By Joun 
M‘Lean Tuompson, M.A., B.Sc., Glasgow University. Communicated 
by Professor BowEr. (Plates XCV-XCVII), 


Morphology and Mathematics. By D'Arcy Wentworts THompeson, 


The Poisoned Arrows of the Abors and Mishmas of North-East India, 
and the Composition and Action of their Poisons. By Sir THomas 
R. Fraser, M.D., F.R.S., Professor of Materia Medica and Thera- 
peutics in the University of Edinburgh. (Plates XCVIII-C), 


AANEH EH MUSE 


SS “ag 
i 2 s 
Sg 

es f oh : 


&. 
4 <> 
Tura, wer’ 


PAGE 


783 


789 


197 


817 


823 


837 


897 


931 


TRANSACTIONS 


OF THE 


ROYAL SOCIETY OF EDINBURGH. 


VOLUME L. PART I.—SESSION 1913-14. 


CONTENTS. 


PAGR 


; I. Sphezrostoma ovale (Conostoma ovale et intermedium, Williamson), a Lower Carboniferous 
Ovule from Pettycur, Fifeshire, Scotland. By Maraarer J. Benson, D.Sc., Professor of 
Botany in the University of London, Head of the Department of Botany at the Royal 
ong College, Englefield Green, age Communicated ns Dik: Tone F.R.S. 
(Plates I. and II.), 5 p ] 


andes Fandiers 7 1914. iy 


TT Studies on the Pharmacoloaical_Action of Tetra-alkul-ammonium Compounds. 1. The Action 
R. MARSHALL, ‘ ; ; Ws 


2) 


tush National Antarctic Expedition 
Jarnegie Research Scholar, Christ’s 
oRTH. (Plate III.), 2 . 41 


{,) 


Vational Antarctic Expedition. By 
Institution, Lund. Communicated 


gy 


v. On tie Fossil Flora of the Staffordshire Coal Fields. Part I1I.—The Fossil Flora of the 
Westphalian Series uf the South Sey Coal Field. Ps R. Kinston, LL.D., F.R.S. 
(Plates V.-XVT.), : : : : 73 


Sacred Mareh 12, 1914.) 


49 


VI. The Anatomy of a New Species of Bathydoris, and the Affinities of the Genus: Scottish National 
Antarctic Expedition. By T. J. Evans, M.A. (Oxon.), Lecturer in Zoology in the University 
of Sheffield. Communicated by Dr J. H. AsHwortru. (Plates XVII. and XVIIL.), & a akon 


(Issued April 1, 1914.) 


VII. Rupture Stresses in Beams and Crane Hooks. By Aneus R. Futon, B.Sc., A.M. Inst.C.E., 


- * 4 ‘ Engineering Department, University Goreees Dundee. Communicated by Professor A. H. 

Ro gs ’  Grson, D.Sc., A.M.Inst.C.E., ; ; : : ‘ oak 

ih (Issued yee 15, 1914. ) 

ane 

ta VIII. Scottish National Antarctic Expedition: A Description of the Systematic Anatomy of a Foetal 

nie 74 Sea-Leopard (Stenorhynchus leptonyx), with Remarks upon the Microscopical Anatomy of 

Wares some of the Organs. By Harotp Axet Hate, M.B., B.S., M.R.C.S., late Lecturer in 
Histology and Embryology, University College, Cardiff; M‘Robert Research Fellow, 
University of Aberdeen. Communicated by Professor ARTHUR Ropinson, M.D. (Plates 
XIX.-XXI1Z.), , : : i 5 . - . d ys aa00 7 


‘ (Issued April 30, 1914.) 


EDINBURGH: 
PUBLISHED BY ROBERT GRANT & SON, 107 PRINCES STREET, 
AND WILLIAMS & NORGATE, 14 HENRIETTA STREET. COVENT GARDEN, LONDON, 


MDCCCCXIY. 
Price Twenty-five Shillings and Ninepence. 


vill 
NUMBER 


XXI. 


XXII. 


XAT 


XXIV. 


XXV. 


XXVI. 


XXVII. 


XXVIII. 


INDEX, 


CONTENTS. 


On a Rule of Proportion observed in the Setx of certain Naidide. 
By J. SrepHensoy, M.B., D.Sc., Professor of Zoology, Government 
College, Lahore, ; ' 


On the Sexual Phase in certain of the Naididx. 1. The Anatomy of 
Sexual Individuals of the Genus Dero; with Remarks on Hemonas. 
Il. The Genital Organs in the Genus Slavina. By J. STEPHENSON, 
D.Se., Professor of Zoology, Government College, Lahore. (Plate 
LXXX), ; ; 


Geological Observations in South Georgia. By D. Frereuson, Mem. 
Inst. M.E., F.R.G.S. Communicated by Professor J. W. GREGorRY, 
D.Se., F.R.S. (Plates LZ 


The Geological Relations « 
J. W. Grecory, D.Sc., F. 


The Petrology of South ¢ 
F.G.8., Lecturer in Mi 
Glasgow. (Plate XCIV), 


The Anatomy and Affinit. ee 
M‘Lean Tuompeson, M.A., B.Sc., Glasgow University. Communicated 
by Professor Bowgr. (Plates XCV-XCVII), 


Morphology and Mathematics. By D'Arcy Wentworta THomeson, 


The Poisoned Arrows of the Abois and Mishmis of North-East India, 
and the Composition and Action of their Poisons. By Sir THomas 
R. Fraser, M.D., F.R.S., Professor of Materia Medica and Thera- 
peutics in the University of Edinburgh. (Plates XCVIII-C), 


ee MUSES. 


byes axa) 


TUpar ier’ Y 


PAGE 


783 


789 


837 


857 


897 


931 


TRANSACTIONS 


OF THE 


ROYAL SOCIETY OF EDINBURGH. 


VOLUME L. PART I.—SESSION 1913-14. 


CONTENTS. 


PAGR 


hy I. Sphzrostoma ovale (Conostoma ovale et intermedium, Williamson), a Lower Carboniferous 
: Ovule from Pettycur, Fifeshire, Scotland. By Marearsr J. Bunson, D.Sc., Professor of 
Botany in the University of London, Head of the Department of Botany at the Royal 
Ae sei College, Pape Green, “hae Communicated ce Dr. REREION, F.R.S. 

(Plates I. and II.), ] 


(Geagea Tanda i, 1914. ie 


II. Studies on the Pharmacological Action of Tetra-alkyl-ammonium Compounds. 1. The Action 
of Tetra-methyl-ammonium Chloride. By Professor C. R. MarsHatt, : : : 17 


(Issued December 29, 1913.) 


III. Polychxta of the family Nereidz, collected by the Scottish National Antarctic Expedition 
(1902-1904). By L. N. G. Ramsay, M.A., B.Sc., Carnegie Research Scholar, Christ’s 
College, Cambridge. Communicated by Dr J. H. Asawortu. (Plate III.), ; : 41 


(Issued March 30, 1914.) 


IV. On the Genus Porponia and Related Genera, Scottish National Antarctic Expedition. By 
Professor Oskar Caricren, Universitetets gous Institution, Lund. Communicated 
by Dr W. 8S. Brucz. (Plate EY); ‘ ; ; : : 49 


(Issued March 30, 1914. ‘ie 


V. On the Fossil Flora of the Staffordshire Coal Fields. Part I1I.—The Fossil Flora of the 
Westphalian Series ov the South ea ema Coal Field. Sl R. Kinston, LL.D., F.R.S. 
(Plates V.-XVL.), ‘ ; : : 730 


Gaceed Maren 12, 1914.) 


ox } VI. The Anatomy of a New Species of Bathydortis, and the Affinities of the Genus: Scottish National 

ae ' Antarctic Expedition. By T. J. Evans, M.A. (Oxon.), Lecturer in Zoology in the University 

eee m of Sheffield. Communicated by Dr J. H. Asawortu. (Plates XVII. and XVIII), Hot 
; Co (Issued April 1, 1914.) 


VII. Rupture Stresses in Beams and Crane Hooks. By Aneus R. Futon, B.Sc., A.M. Inst.C.E., 
- Engineering Department, University College, Dundee. Communicated by Professor A. H. 
Gipson, D.Sc., A.M. Inst.C.E., : : é : : . : por.) Bl 


(Issued April 15, 1914.) 


VIII. Scottish National Antarctic Expedition: A Description of the Systematic Anatomy of a Fetal 
Sea-Leopard (Stenorhynchus leptonyx), with Remarks upon the Microscopical Anatomy of 
some of the Organs. By Harotp Axet Hate, M.B., B.S., M.R.C.S., late Lecturer in 
Histology and Embryology, University College, Cardiff; M‘Robert Research Fellow, 
University of Aberdeen. Communicated by Professor ARTHUR Rosinson, M.D. (Plates Wh 
XIX.-XXIL), ; : ; : ; : : ; 3 ~ 225 


, (Issued April 30, 1914.) 


EDINBURGH: 


PUBLISHED BY ROBERT GRANT & SON, 107 PRINCES STREET, 
AND WILLIAMS & NORGATE, 14 HENRIETTA STREET. COVENT GARDEN, LONDON, 


MDCCCCXIV. 
Price Twenty-fivé Shillings and Ninepence. 


2 PROF. MARGARET J. BENSON ON 


divergence from the type under consideration than was formerly suspected—in fact, 
as the authors of the above treatise suggest, the resemblances of Spharostoma with 
Lagenostoma are greater than with Conostoma.* Hence one has been obliged to found 
a new form-genus for the geologically older type, and the term Sphxrostoma was 
chosen because of the rounded form of the free part of the nucellus within which lies 
the pollen chamber. Before proceeding to deseribe the ovule, | wish to express my 
indebtedness to Professor I. BayLEy Batrour, who presented me with the large block 
of Burntisland rock from which all but two of the slides used in the present paper have 
been obtained. 

One of these is a slide most generously put at my disposal by Dr D. H. Scorv, 
F.R.S. In the course of the paper it will be shown how much is derived from this 
slide which, as a section of a Pettycur petrifaction, cannot, I think, be surpassed for 
beauty of workmanship and interest of content. I take this opportunity of expressing 
my gratitude to Dr Scorr for this loan. The other slide is a fine radial section of 
the ovule, cut by Dr Gorpon, a photograph of which Dr Gorpon has been kind 
enough to send me (vide Pl. II. fig. 8). 

Sphxrostoma ovale has so far only been recorded from Pettycur deposits of the 
Calciferous Sandstone series of Scotland. In these it occurs at rare intervals, but 
generally, when found, is fairly abundant. About fifty have been sectioned from 
the above-mentioned block, but owing to the impossibility of orienting such small 
objects, a large proportion are cut obliquely. They are always closely associated with 
the vegetative organs of Heterangyum Grievit, and hence the ovule has long been 
suspected of being the megasporangial apparatus of this most fern-like of all would-be 
Pteridosperms. 

Deferring the evidence which I consider places this surmise upon a surer basis, it 
will be best to describe the ovule in detail. 


II. GENERAL FEATURES OF THE ORGANISATION OF THE OVULE, 


(Text-figs. 1 and 2.) 


In its complete state the ovule consists of two parts—-a central body representing 
the nucellus and inner integument, and an enveloping cupule or outer integument. 

For convenience, the inner part will often be referred to as the ovule, for it is most 
common to find it bereft of its cupule. A reference to text-fig. 1, which represents a 
restoration of a median longitudinal section of both parts, will readily show their 
relationship to one another, especially if this restoration be compared with that in 
text-fig. 2, ¢. 

Without the cupule the ovule is 3°5 mm. in length and about 2°2 mm. at its widest 
part. At first sight its most striking feature is the series of crests forming the so- 
called “frill” around the micropyle (text-fig. 1, /.). 


* Oniver and SALIsBuRY, loc. cit., p. 38. 
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Within the sinus (sz.), surrounded by the free part of the inner integument or 
“canopy ” (ca.), may be seen the nucellar cap (v.c.) or free part of the nucellus. This 
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Trxt-Fric. 1.—Diagrammatic drawing of a median longitudinal section of Spherostoma ovale, still surrounded 
by the cupule. The description is given in the text. 


a, =archegonium. m.=central column surrounded by | si. =sinus. 

ab. =abscission layer. the pollen chamber. v.b., =a vascular strand of the eupule. 
c. =cupule. | m.¢c, =nucellar cap. | v.b..=a vascular strand of the inner 

ca. =canopy. | p,=plinth. integument. 

e.s. =embryo sac. | p.c. =pollen chamber. | v.b.,.=central supply strand to the 
Jf. =frill. | _s, =sclerotic hypoderm. ovule. 


w. = wall of the pollen chamber. 


consists of the plinth (p.) which is relatively flat, and the central nearly hemispherical 
dome or “‘lagenostome’” which rises abruptly from the centre of the plinth. 


Se 


me BEE 


d 


TExtT-FIc, 2, a, b, c, d.—Diagrammatic representations of sections across the ovule in the planes indicated in text-fig, 1. 
a, shows the eight crests outside, and the eight w 
b, shows the extreme apex of the nucellus (colunn=n, and roof=w, of the pollen chamber) 
sinus, s?., surrounded by tl 
integument can be detected as at v.0.4. 
octagonal in form. . 
c, shows the widest part of the ovule still surrounded by the cupule, c. The vascular bundles of both integuments are inserted 
serve b., and v.b.5. The epidermis of the inner integument is still secretory at this level, 
and the whole section is exactly circular, ¢.s, =embryo sae, A 
edicel of the ovule with the single supply bundle in the centre. Around the bundle is the base 
Intervening between this and the epidermis is the layer regarded as the abscission layer. This 
abuts on the epidermis, which is no longer secretory in this plane. The section is represented as including the outline of a 
transverse section of the base of the ovule to show that the transverse section of the ovule is again octagonal at its base. 
This drawing is made partly from a section through a fallen ovule, and therefore the eupule is omitted (cf. Pl. II. fig. 11). 
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The “lagenostome” is differentiated in a manner which has so far been undescribed 
for any ovule. We find, it is true, a central column of nucellar tissue (n.), surrounded 
by a lysigenic annular cavity—the pollen chamber—as in Lagenostoma and several 
other genera of Paleeozoic ovules, but Sphxrostoma differs in the definite manner in 
which the roof of the pollen chamber closes the aperture made at dehiscence. As 
far as we know, the aperture was only adventitiously blocked, or the closure was due 
to growth phenomena in other seeds, but in Sphexrostoma the pollen chamber is 
always found tightly closed by means of what appears to be an elastically acting 
mechanism. 

Beneath the lagenostome and plinth lies the large embryo sac (e.s.) encased in a 
framework of eight vascular bundles (text-figs. 1 and 2, c (vide b, 1)). These spring at 
the base from a single delicate strand which passes up the pedicel. In this particular 
Sphxrostoma differs from the ovules included in Messrs OLtveR and SatisBury’s 
groups Conostomeze and Physostomez, as they are supplied by a ring of bundles. 

Accompanying the vascular bundles are large, thin-walled cells, which probably 
formed an aqueous storage tissue. They are, however, rarely preserved in the fossil 
except in the canopy. The wall of the ovule is strengthened by a layer of hypodermal 
fibres which ceases at the base and is here supplemented by deeper-lying fibres closely 
investing the single vascular strand of the pedicel, thus making the sheath complete 
when the ovule falls (Pl. II. fig. 8). 

Below the sheath in the pedicel may be seen (text-figs. 1 (ab.) and 2, d) a region 
where rupture normally took place, suggesting that the cupule was left on the plant 
when the ovule was shed. 

Two series of four transverse sections through single ovules enable one to state 
definitely that the ovule is exactly circular in section in its median region, but at the 
extreme base and in the region of the canopy the transverse section gradually assumes 
an increasingly octagonal form (ef. text-fig. 2, c, with text-fig. 2, a, b, and d; wide 
also Pl. II. figs. 10 and 11). 

The outermost part of the micropyle is formed by eight lobes of the canopy, which 
bear each a large crest or lobe of the frill on the outside and a smaller one within. 
Text-fig. 2, a, is a restoration of a transverse section through this region. It is 
based on a section in slide 253, which is figured in part on Pl. I. (vide fig. 3). The 
individual epidermal cells constituting the crest enlarge and become hexagonal in 
section distally. They may be regarded as representing a special development of the 
epidermal cells which are characteristically developed in all the Lagenostomales, con- 
stituting the structure called the “ blow-off” by Professor OLIVER. 

Sphexrostoma is most often found without the cupule, hence this organ is only 
represented in one of the transverse sections in text-fig. 2 (vide 2, ¢). 
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III. Dreraits oF STRUCTURE. 
1. The Outer Integument or Cupule. 


The cupule is probably a youth organ which did not accompany the ovule when it 
separated from the parent plant. In some sections it is represented by fragments, but 
seems to owe this preservation to the fact that parts had adhered to the slimy surface 
of the inner integument. ‘The tissue is far more uniform than that of the inner integu- 
ment, and the vascular bundles more rounded in transverse section. 

The preservation does not admit of a decision as to the relative position of the 
phloém and xylem in each strand, nor have | been able to ascertain the number of 
the latter, but the distribution of those which can be made out is such as to suggest 
there are eight, which is also the number of the strands in the inner integument 
(text-fig. 2, c, v.b.). 

It is possible that, at the apex, the cupule was lobed like that of Lagenostoma 
Lomaxii,* but most of the transverse sections passing through it show it as a continuous 
sheath (PI. I. fig. 5). 

In the specimen shown in fig. 2 of the same plate, there are at the base of the 
cupule a few longitudinally disposed fibres of cylindrical form, which are similar in 
character and position to those in the neighbouring petioles of Heterangium Grievia. 
With the exception of these and the tracheides of the vascular strands, the only tissue 
elements preserved in the cupule are parenchymatous. 


2. The Inner Integument. 


The inner integument is only free from the nucellus in the upper part, where it 
corresponds in many respects with the so-called canopy of Lagenostoma. In the 
basal three-fourths of the ovule there is no distinct layer of demarcation between 
the nucellus and the peripheral vascular part commonly regarded as the part of the 
integument adherent to the nucellus. The whole of the ovule, irrespective of the 
cupule, is surrounded by a remarkably well-differentiated epidermis, which eventually 
becomes secretory for the most part. On the exposed surface of the inner integument, 
from the pedicel up to the margin of the micropyle, the epidermal cells are longitudin- 
ally disposed, brick-shaped bodies. ach cell bears peripherally a small papilla, which 
later increases in size and eventually ruptures near the apex—a hemispherical cap being 
pushed aside by the emerging mucilage as in Lagenostoma Lomaawt (text-fig. 8 
a, 'b, Alig icy, 


b) 


Near the micropyle the epidermal cells change their character. Outside, they 
form the structure to which I have referred as the “ frill.” It is seen in Pl. J. tie, A 
There are several sections which demonstrate that the “frill” is not continuous. In 

* Oriver and Scorr, “On the Structure of the Paleozoic seed Lagenostoma Lomamit,’? Trans. Roy. Soc, 


(Lond.), 1904 (p. 217). 
_+ Oxtver and Scort, loc. cit., pl. x. fig. 28 B. 
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the tangential section shown in fig. 4 we see two lobes which in the specimen can 
be shown to be distinct. In an obliquely transverse section of the micropyle (fig. 3), 
which passes through the “frill” on one side, the lobe cut through is seen to be 
distinct from its neighbours, and its outline corresponds at its base with one of the 
small crests within the micropyle. Thus it can be stated that the micropyle at its 
extreme apex was surrounded by eight lobes of the canopy, each crowned by an outer 


/} 


Aiea 


aa 


San 


a 


Text-Fic. 3, a,—A radial section of that part of the inner integument which lies immediately above the plane of text-fig. 2, b, 
as plotted on text-fig. 1. 


ag.= aqueous tissue of the canopy; s.=sclerotic sheath; v.b.;=the extreme apex of one of the eight 
vascular bundles that pass up the inner integument. 


b and c.—Figures to show transverse sections of young and old epidermal secretory cells, m.¢. 


b=a young intact cell with papilla. Also two hypodermal fibres from the sclerotic sheath, s, 
c=an epidermal secretory cell showing liberation of hemispherical cap. 


and an inner epidermal crest, of which the outer was the larger. Lower down the 
micropyle, the epidermis contracts into a uniform layer over the eight sides of the 
octagonal sinus. Just as the sinus widens out below the micropyle, the epidermis again 
becomes papillate and secretory. The papillae are numerous and basiscopic. Below 
the surface formed by the secretory tissue lies a mass of parenchyma, behind which 
terminates the tracheal system (text-fig. 3, a, v.b.,). 

The epidermis on a level with the pollen chamber again becomes smooth and 
apparently non-secretory. Below its surface we find the large rounded cells accom- 
panying the vascular bundles throughout their entire length (text-fig. 3, ag.). They 
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are fairly frequently preserved in the canopy, but are rarely seen in the periphery 
of the embryo sac (slide 292, 1). 

The eight regions respectively supplied by the eight vascular bundles correspond 
with those of the crests. Lower down on the same radii on which the vascular bundles 
lie, but at the very base of the sinus, between the canopy and the plinth, the epidermis 
shows some curious tongue-shaped cells which have pitted thick walls and generally 
dark brown contents (Pl. I. figs. 1 and 6, .). They differ in form and appearance from 
the papillate mucilage cells, which are thin-walled and of a pale yellow colour. 

The eight vascular strands approximate closely to these cells, often obviously 
bending towards them and then retreating again above. There are probably eight 
eroups rather than a continuous ring of these cells, since occasionally the radial plane 
of section does not pass through any. Such sections escape also the bundles. 

The form of these cells and their close approximation to the vascular strands 
suggest an excretory function, but their different mode of preservation suggests that 
the excretum was non-mucilaginous and hence possibly merely water. — 

Let us turn now to the hypodermal structure of the exposed surface of the mner 
integument. One sees in a well-preserved specimen a uniform single layer of fibres 
approximately square in transverse section (text-fig. 8, b) and several times longer 
than broad. 

The layer appears to be less regular in some ovules—-some growth in leneth and 
displacement probably taking place among the fibres. 

This sheath forms the only special mechanical tissue the ovule possesses, and must 
have given toughness to the coat although it was unable to afford it any great degree 
of rigidity. In several cases the ovule has been indented, or even folded like a 
collapsed bladder, before fossilisation. The sheath is not continued beneath the 
epidermis of the pedicel, but is completed by deeper-lying sclerotic cells forming a 
transverse plate, which is only perforated to allow of the entry of the single vascular 
strand into the ovule (text-fig. 1, s.). This plate forms the base of the great majority 
of the ovules examined (PI. IT. figs. 8 and 11). 


3. The Abscission Layer. 


Immediately outside the sheath, as it leaves the epidermis, the tissue in the pedicel 
shows signs of breaking down. Remains of this layer have been demonstrated in a 
transverse section of an ovule which had probably been naturally severed from the 
parent plant (PI. IL. fig. 11, ab.). The tissue is seen also in the radial section of the 
ovule in slide 387 (Pl. II. fig. 9, ab.) which shows the layer of separation still am svtu. 
In this case the degeneration of the tissue has not yet encroached on the epidermis, 
which is still regular and continuous. 

If this be the true interpretation of this region, it indicates that the ovule normally 
fell out of the cupule, leaving that upon the parent plant. Thus it would seem probable 
that such of the ovules in Dr Scort’s slide 387 as are still surrounded by a cupule had 
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not become at any rate normally detached. I will refer to the significance of this 
deduction later when discussing the grounds of reference of this ovule to Heterangiwm 
Grievir (cf: p. 12). 


4. Vascular Supply of the Ovule. 


It has already been demonstrated by an earlier reference to figs. 9 and 11 that a 
single delicate strand of tracheides enters the pedicel. This gives rise to eight strands 
which terminate behind the parenchyma abutting on the papillate epidermis near 
the micropyle (text-figs. 1, 2, and 3, a, v.b., and v.b.,). The constituent tracheides 
have their thickening disposed in a manner approximately spiral, and are of small 
dimensions. In several cases the strand of xylem is obviously mesarch. 

At the extreme base of the embryo sac the tracheides lie almost contiguous to one 
another, forming a sheath of which the constituent elements gradually diverge into the 
eight strands. Very frequently one or two or even three of these strands may be 
duplicated, z.e. respectively represented by two smaller, more or less laterally connected 
strands. In such cases we may meet with from nine to eleven bundles, but the position 
and size of the branching strands indicate their relationship to one another. 


5. The Nucellus and Embryo Sac. 


The nucellus exhibits features of great interest. The lower part is entirely occupied 
by the embryo sac, which never shows much contained tissue. In all the material 
investigated the embryo sac had already expanded until it almost abuts on the vascular 
strands, only a few layers of much flattened cells intervening (text-figs. 1 and 2, ¢, 
andoble Wotias: 1; 5,,and 6 (es.)). 

In the upper part the nucellus is represented by the plinth (text-fig. 1, p., and 
_ PL I. and IL, figs. 1, 7, and 8), and by the dome-like lagenostome already referred to 

as consisting of a central column, surrounded by the annular pollen chamber. The 
plinth and dome are covered with a well-characterised but apparently non-secretory 
epidermis. 

In surface view the epidermis of the plinth is seen to consist of isodiametric 
hexagonal cells (fig. 7), and thus offers a sharp contrast to that forming the pollen 
chamber wall (fig. 10). The embryo sac has in all cases flattened or absorbed all the 
cells beneath the epidermis of the plinth. It also abuts on the base of the dome, but 
no trace of a membrane has been found beneath the excavated pollen chamber—a fact 
which probably indicates that the archegonia were formed on that part of the prothallus 
which forms the floor of the annular pollen chamber. In this position traces of them 
are occasionally found. Under the central column only a thin pellicle can be demon- 
strated, and that only occasionally. In the exact centre a thickened mass is sometimes 
seen, but it is possibly due to the destruction of the overlying cells and not to any 


special formation on the apex of the spore, as is rather suggested by its appearance. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 1). 2 
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Directing our attention to the dome, we are very fortunately able to trace to some 
extent the development of the pollen chamber. 


6. The Structure of the Pollen Chamber. 


In the older ovules there is a clear broad space seen in radial section on either 
side of the central column and roofed over by a single layer of epidermal cells. 
In longitudinal sections it will be observed that the column consists of regularly 
arranged tiers of cells. In this latter feature Sphxrostoma resembles Lagenostoma. 

In transverse section the form of dome and column is found to be circular. 

In the nearly radial section of a young ovule, shown in PI. I. figs. 1 and 2, the 
tissue in the annular region, to be later replaced by the pollen chamber, is seen to be 
undergoing lysigenic degeneration. A. difference between the younger and older domes 
is seen also in the character of their epidermis. In the younger, the epidermis is 
composed of thin-walled cells with flat peripheral walls. In the older, the epidermis 
over the pollen chamber has entirely changed its character, while that over the column 
has remained unchanged. Each cell over the pollen chamber has its walls sharply 
differentiated, 2.e. the outer and basal walls remain thin, and all the four walls vertical 
to the surface are thickened in such a way that they appear of an opaque dark brown 
colour, while the outer and basal walls are quite transparent. Thus the whole roof or 
wall of the pollen chamber has much the appearance of a multiseriate annulus of such 
a sporange as that of Senftenbergia. The resemblance is heightened by the obliquity 
of the end walls of the cells (Pl. II. figs. 7 and 10). 

The circumscissile dehiscene, by means of which presumably the pollen grains entered 
the chamber, is effected in a very definite manner. ‘The central column becomes severed 
entirely from the roof of the pollen chamber along a line just within the margin of the 
epidermis of the column. 

Thus marginal epidermal cells of the column remain attached to the roof-cells 
(vide Pl. 1. fig. 6). There is no loss of surface cells, the dehiscence is schizogenic, and in 
some respects the whole apparatus is curiously reminiscent of the peristome in the 
sporogonium of Polytrichum, which opens around a persistent, circular diaphragm. 
The mechanism, however, of the closure in the two cases must have been very 
different, and the resemblance between them merely adventitious. 

There are tetrahedral spores found in the pollen chambers of seeds in slides 217, 
241, 270°1, and 304°4. Occasionally they occur still arranged as tetrads. These spores, 
which are presumably the pollen grains, are from 27-29» in their widest dimension, 
and thus much smaller than those * attributed to Lyginodendron, which are from 50- 
70» in diameter. 

Traces of a species of microsynangium do, however, occur with the Sphwxrostoma, 
and its spores resemble in size and form those in the pollen chamber. Description of 


* Kipston, “On the Microsporangia of the Pteridospermee,” Trans. Roy. Soc., 1906, vol. cxevili. p. 423, 
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this body must be deferred until another occasion. So also must the description of 
some curious bodies which often accompany the ungerminated grains in the pollen 
chamber. 

No satisfactory specimen has yet come to hand in which the pollen chamber is 
open. One of Williamson’s slides, preserved in his collection at the British Museum 
at South Kensington, and figured in his Eighth Memoir,* suggests this condition, but 
the appearance may be due to injury before fossilisation, as only one side is open. 


7. The Processes assumed to oceur during the Opening and Closing of the 
Pollen Chamber. 


That the important function of securing and nursing the pollen was correlated with 
a series of progressive changes cannot be doubted. When the excavation of the pollen 
chamber was complete, the epidermis of the nucellar cap underwent circumscissile 
dehiscence along a line just within the periphery of the persistent column of tissue in 
the centre. ‘The roof of the chamber was thus made to overlap the column when it 
returned, after dehiscence, to its original position (cf. figs. |=state before dehiscence 
and 6=state after closure). In fact, the relation of the margin of the column to the 
roof of the pollen chamber resembles that of the rebate of a box to its lid. Hence the 
downward curvature of the roof is prevented from being so excessive as to obliterate 
the pollen chamber. 

The growth in length of the roof-cells and the deposition of thickening on their 
vertical longitudinal walls would necessarily have set up a centrifugal strain tending 
to bring about the circumscissile dehiscence. ‘This was further aided by the mucilagin- 
ous degeneration of the subjacent tissue. 

After dehiscence the roof would straighten elastically and thus an annular stomium 
would be formed. Passage to the lower part of the sinus would be at least partially 
blocked because the liberated margin of the roof of the pollen chamber would nearly 
abut on the basiscopic papillz around the upper part of the sinus. Pollen would thus 
be prevented from straying into the sinus. 

The mucilage glands would meanwhile have come into play, thus completing the 
preparation for pollen. If grains were now to enter the micropyle they would be 
caught in the freshly exuded watery mucilage and be drawn with it into the pollen 
chamber. ‘lhe entry must have been aided by the subsequent downward curvature of 
the roof of the chamber. 

This return to the former position may have been due to an increase in their 
turgescence on the part of the roof-cells. This is suggested by the domed form of the 
peripheral cell-walls of the epidermis covering the older pollen chambers. These 
peripheral walls offer a marked contrast not only to the thick vertical cell-walls, but 
even in this respect to the basal walls, which, although thin and transparent, 


are flat. 
* WILLIAMSON, loc. cit., pl. xii. fig. 83, 
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The tongue-shaped cells already described, which otherwise seem so enigmatic, 
receive their interpretation if they were the source of the water required for the closure 
of the pollen chamber. 


SUMMARY OF STAGES. 


1. Growth in length and special thickening of the roof-cells of the pollen chamber. 
Concomitant lysigenic degeneration of the subjacent tissue leading to the excavation 
of the pollen chamber. 

2. Cireumscissile dehiscence and consequent formation of a stomium by the upward 
movement of the free margin of the roof. 

3. The retention of the pollen grains on the downward curvature of the roof, 
which thus returns again to its original position and closes the pollen chamber. 


8. Diagnosis of Sphxrostoma, n.g. 


The ovule resembles those of the Lagenostoma series in its general organisation, 
e.g. the nucellus is surrounded by an inner integument of radial symmetry and appar- 
ently multiple origin, and also by an outer integument or cupule. The inner integu- 
ment is only free around the pollen chamber, but the cupule is free from the base 
upwards. Both integuments have a multiple vascular supply—the strands of the inner 
integument taking their origin from the single central bundle of the pedicel. Sphzxro- 
stoma is distinguished from the ovules of the Lagenostoma series by the following 
characters :— 

1. The whorl of epidermal crests around the micropyle. 

2. The nearly hemispherical form of the lagenostome which rises from a somewhat 
flat plinth. 

3. A pollen chamber relatively wider than that of Lagenostoma. 

4. The persistence of the epidermis over the central column of the lagenostome. 

5. A skeletal structure of less robust charater, with an indication of aqueous tissue 
in the region of the canopy. 

Dimensions.—The ovule is a little under 3°5 mm. in length without the cupule 
and 2°2 mm. at its widest part. 

Horizon and Locality.—Sphexrostoma ovale has so far only been recorded from 
the Calciferous Sandstone Series of the Lower Carboniferous rocks of Pettycur, 
Fifeshire, Scotland. 


[V. THe GROUNDS FOR THE PROVISIONAL REFERENCE OF THE OVULE SPH4ROSTOMA 
OVALE TO HETERANGIUM GRIEVU. 


As already mentioned, this ovule has long been surmised to be the mega- 
sporangial apparatus of Heterangium Grievi, The association between the two is 
of a very constant and striking nature. For example, there are some score of plants 
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of Heterangiwm Grievii in the same block with the ovules here described. Many of 
the plants are exceptionally well developed, and three are giving off adventitious roots. 
In the course of three years, during which time I have had hundreds of slides from 
this block under observation, I have not been able to detect a trace of any other 
plant the nature of whose sporangia is not known, except two undescribed stems 
apparently belonging to immature plants or other species of Heterangiwm. 

Hence the fact that numerous ovules lie among the petioles and rooted stems of 
FHleterangium Grievii is undoubtedly suggestive of actual reference. 

The argument from association is supplemented by internal evidence. The ovule 
shows an unmistakable resemblance to Layenostoma, which is acknowledged to be 
the type of ovule borne by Lyginodendron. 

But Lyginodendron, both in the external morphology of its vegetative organs and 
in their anatomy has long been regarded as showing close affinity with Heterangium. 
The resemblance between their megasporangial members would be similarly great if 
Spherostoma ovale belonged to Heterangvum. Such differences as do obtain between 
the two ovules are such as would be expected between an older and a later type. 
In Sphzrostoma the canopy shows less complete integration (7.e. the crests are free) 
and the mechanical tissue is less developed than in Lagenostoma. The method of 
dehiscence of the nucellus is more fern-like and the pollen grains are smaller. These 
- differences are all consistent with the view that we are dealing with a more primitive 
ovule in Sphxrostoma than in Lagenostoma, but with one in which the ground-plan 
of the Lyginodendron ovule had been laid down. 

This evidence from comparative considerations receives important PoE operation 
from certain features of Dr Scort’s slide, C.N., 387, already referred to. 

Many of the ovules are still surrounded with an intact cupule and hence, if the 
interpretation of the tissue in the pedicel as an abscission layer be correct, must have 
been still attached to the frond, or part of the plant on which they grew. 

To investigate this matter the three longitudinal sections which were nearest the 
median plane were examined, with the following results :— 

a was found to be exactly radial at its base ; 

b was radial at the micropyle but slightly tangential at the base ; 

e was in the plane which passed through the plinth but just escaped the pollen 
chamber. At the base it also just escapes the pedicel of the ovule. 

Sections a, b, and ¢ were found in each case to be accompanied by a petiole in the 
expected position and cut in a plane exactly corresponding to that of the ovule. Thus 
a shows a radially cut petiole, b shows one in which the vascular bundle is just touched 
upon, and ¢ shows one with only the cortex occurring. For the case referred to as 
a, reference should be made to PI. II. fig. 9. 

As already pointed out in an earlier part of the paper, most of the ovules show no 
cupule. Such ovules in no single case, although they are far more frequently met with, 
show similarly disposed petioles of Heterangiwm. 
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'o conclude, the evidence in support of the reference of Spharostoma ovale to 
Heterangium Grievii may be summed up as follows :— 

1. Association. 

2. Comparative morphology, 2.e. resemblance to Lagenostoma. 

3. Strong suggestions of continuity in the only three cases in which sections have 
been obtained in a suitable plane, of ovules judged by independent evidence to have 
been still attached to the parent plant. 

In conclusion, | wish to bear testimony to the steady and able help I have had 
from my laboratory attendant, C. H. Wertis, who has made all but two of the 
preparations used in this paper. 


V. EXPLANATION OF PLATES. 


S. = Scott Collection. 
R.H.C. = Royal Holloway College Collection. 


Lettering of Figures. 


a. =archegonium. p. = plinth. 
ab. =abscission layer. p.c. = pollen chamber. 
ec. =cupule. pet. = petiole. 
ca, = canopy. s. = sclerotic hypodermal sheath. 
e.s. = embryo sac. st. = sinus. 
Jessa lle v.b., = vascular bundle of inner integument. 
7. = tongue-shaped cells at the base of sinus, v.b.. =vascular bundle of cupule. 
m. =micropyle. v.b,, = vascular bundle of the pedicel of the ovule. 
m.e. =mucilage epidermis (Prof. OxIvEr’s ‘‘blow-off”). w. = wall of the pollen chamber. 
n. = persistent column of nucellar tissue. 


Priate I, ies. 1-6. 


Fic. 1. Radial section of the upper part of a young specimen of Spherostoma ovale enclosed in a 
cupule (c.). The lagenostome shows an early phase in the development of the pollen chamber (7.e. excava- 
tion incomplete). The tongue-like cells (h.) are formed, but the mucilage papille are not yet developed on 
the inner surface of the canopy. Those on the outer surface are not yet dehisced (m.e.). The embryo sac 
(e.s.) shows traces of an archegonium (a.). Supporting the crests are seen horn-like prolongations of the 
sclerotic sheath (s.). 


S., C.N., 387 x 70 x 3. 


Fic, 2, Drawing from a photograph of the whole section of a young ovule, part of which is represented 
in fig. 1. 


S., C.N., 387 x about 30 x 3. 


Fic. 3. Part of an obliquely transverse section through the micropyle in the plane plotted on fig. 1. 
It shows the corresponding crests on the inner and outer surfaces. At this level the sclerotic sheath is 
interrupted between the pairs of crests. 


R.H.C., C.N,, 253 x about 70 x }. 
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Fic. 4. A tangential section through the upper part of a similar ovule, showing two crests of the “ frill,” 
S., C.N., 387 x about 80 x 3. 


Fie. 5. Drawing from a photograph of part of a transverse section of an ovule still enclosed in the 
cupule. The vascular bundles of cupule and inner integument can be seen, also the embryo sac and mucilage 
epidermis (m.e.). 

S., C.N., 387 x about 60 x 2. 


Fic. 6. A slightly tangential section of the upper part of an ovule, showing a pollen chamber after 
dehiscence. The column (n.) is well preserved, and shows the ledge referred to in the text as a “rebate.” 


REG, C.N., 241 x 70x 2. 


Prate Il. Fries. 7-11. 


Fic. 7. Drawing from a photograph of an oblique section through an ovule to show the distribution of 
the eight vascular bundles of the inner integument. This section also exhibits the surface cells of the plinth 
and column, and the contrast they atford to those of the pollen chamber wall (w.). 


R.H.C., C.N., 287 x about 70 x 2. 


Fig. 8. A radial section through the ovule, enlarged from a negative kindly lent for the purposes of this 
paper by Dr Gorvon. The tissue (c.) outside the inner integument is probably cupular. 


x about 27 x 2. 


Fie. 9. Drawing from a radial section of a somewhat crushed young ovule. At + the epidermis of the 
radially cut petiole of Heterangium Girvevit is wrinkled and appears continuous with the tissue of the cupule, 
but the cell-walls are not well preserved. The cupule is obviously continuous with the ovule by its epidermal 
cells on the left of the section. The pedicel bundle can be traced down the centre and is seen to give rise 
to the inner integument bundles. The section suggests that the ovule grew terminally on the petiole. 


S., G.N., 387 x 62... 


Fic, 10. Part of a transverse section at the level of the roof of the pollen chamber, showing it in surface 
view. The integument is octagonal, and the vascular bundles are well developed at this level. 


R.H.C., C.N., 290°3 x about 70 x #. 


Fig. 11. A transverse, slightly oblique section across the base of an ovule after it has fallen. In the 
centre can be seen the delicate strand of tracheides which perforate the basal sheath of sclerotic cells. The 
disorganised cells immediately outside this sheath to the left may possibly represent remains of the abscission 
layer shown in fig. 9 (from an ovule probably still attached to a petiole). On the right may be seen the 
sclerotic sheath cut tangentially and clearly indicating the octagonal form of the base of the ovule. The 
mucilage epidermis is shown in a condition very characteristic of the shed ovule. ‘The cells have become 
so swollen that they are detached from the hypoderm and form a pale-yellow, halo-like area all round 


the section. 
R.H.C., C_N., 246 x 87 x 3. 


ay at % ae we . tae. ay 
batt oF anes 0 eee 


a hy 


Ly ih 
iit yam rik 
. a 
é bh ie ve avid . ps 
os re edgier th a 
ip Heh eee « vie 
= Td 
= 
’ 


Trans. Roy. Soc. Edin‘ Vol. L.—Puate I. 


BENSON: SPHAROSTOMA OVALE. 


v.b, 2 


M'Farlane & Erskine, Lith., Edin. 


Pye eA pe eae wee” 
PF avast 2 49C, 


| 
— 
” 
’ 
’ 
: 
- 


1 Sh 
4 lees 
i4 ad a 


Trans. Roy. Soc. Edin’ Vol. L.-—Prate IT. 


Benson: SPHAROSTOMA OVALE. 


M'‘Farlane & Erskine, Lith.. Edin. 


II.—Studies on the Pharmacological Action of Tetra-Alkyl-Ammonium 
Compounds. By Professor C. R. Marshall. 


(MS. received April 30, 1913. Read November 17, 1913. Issued separately December 29, 1913.) 


I. THE ACTION OF TETRA-METHYL-AMMONIUM CHLORIDE. 


In a paper on “The Pharmacological Action of Protocatechyl-tropeine,” communi- 
cated to the Society in 1909,* I drew attention to the fact that this substance, when 
injected intravenously in certain doses produces transient paralysis of the respira- 
tion; and I mentioned further that Tappriner + had described a similar temporary 
cessation of the respiration after the intravenous injection of certain quaternary 
isoxazol and pyrazol compounds, and of tetra-methyl-ammonium chloride, and Poxt,t 
after the intravenous injection of some quaternary papaverine derivatives. TAPPEINER 
came to the conclusion that the effect was due to stimulation of the terminations 
of the fifth cranial nerve in the nose; that it was, in fact, of the nature of a 
Kratschmer-Hering reflex, since he was unable, in the case of methyl-phenyl- 
isoxazol-methochloride, to produce cessation of the respiration after anzsthetising 
the nasal mucous membrane with cocaine; and lopLBavER,§ working in TAPPEINER’S 
laboratory, also found that anzsthetisation of the nasal mucous membrane prevented 
the cessation of the respiration produced by tetra-methyl-ammonium chloride. Pout, 
on the other hand, was able to produce this temporary paralysis of the respiration 
after section of the ophthalmic branches of both fifth nerves, and consequently he 
concluded that the effect was due to an action on the respiratory centre. I came 
to the same conclusion, since the effect was still obtained with protocatechyl-tropeine 
after section of both fifth nerves in the base of the skull and after section of both 
phrenic nerves, and was not synchronous with the effect on the circulation or with 
the paresis of the nerve-endings in the muscles of the hind limbs. Further work 
with tetra-methyl-ammonium chloride, however—my stock of protocatechyl-tropeine 
being exhausted,—showed that the effect was in large measure peripheral and due 
to a transient paresis of the nerve-endings in the respiratory muscles. 


Action on Motor NERvVE-ENDINGS. 


The effect of tetra-methyl-ammonium compounds on the motor nerves was first 
observed by Crum Brown and FRraser.|| They showed that the iodide when injected 
into frogs produced muscular paralysis due to an action on the myo-neural junctions ; 


* Trans., xlvii., pt. 11. p. 273 [1909-10]. + Arch. f. exp. Path. u. Pharm., xxxvii. p. 325 [1896]. 
£ Arch. Internat. de Pharmacod., xiii. p. 479 [1904]. § Arch. Internat. de Pharmacod., vii. p. 183 [1900]. 

|| Proc. Roy. Soc. Edin., vi. p. 556 [1869]. 
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and their observations were corroborated by RaBureau* and Brunton and Casu.t+ 
Later, Duravux,t Sanresson and Korarn,§ and [opLBavER || showed that the same effect 
was obtained with tetra-methyl-ammonium chloride. 

So far as I am aware, no experiments demonstrating this action on mammals 
have been described. Rapureau,‘l in the two experiments he made with tetra-methyl- 
ammonium iodide on dogs, observed muscular paralysis as one of the symptoms; and 
Brunton and Casu,** after injecting 1 g. of the same compound into a rabbit, found 
the animal lying apparently paralysed two minutes after the administration. When 
half this dose was injected, they noticed the head falling to one side two and a half 
minutes afterwards, but one and a half minutes later violent movements of the limbs 
occurred. JopiBaveER,tt working with the chloride, had similar experiences. The 
animal usually fell on its side, and there were frequently convulsive movements and 
later fibrillary tremors. Jacops and Hacensere ff also noticed muscular paralysis 
after tetra-methyl-ammonium tri-iodide. But none of these observers appears to 
have investigated the cause of the paralytic symptoms. 

My own experiments have been made on rabbits and cats during a state of 
aneesthesia or after excision of the cerebral hemispheres. The rabbits were anzesthetised 
with ether, or, in the case of animals to be decerebrated, with a mixture of chloroform 
and ether; the cats with chloroform followed by ether. The blood-pressure and 
respiration were recorded, and one of the nerves supplying a fore or hind limb was 
isolated and stimulated continually during an injection or intermittently before and 
after an injection. The contraction of the limb was recorded by inserting a hook 
into the limb and connecting this by thread working over pulleys to a writing lever. 
This method of recording the contractions of the limb was found better for the 
purpose in view than that of recording the contractions of individual muscles, 
probably owing to less interference with the blood supply. The injection of the 
substance was made in the case of rabbits into the right anterior facial vein and 
in the case of cats into the right external jugular vein. 

Both in rabbits and cats the intravenous injection of 0°5 to 1 mg. p. kg. body- 
weight diminishes the excitability and often paralyses the motor nerve-endings, the 
muscles themselves still retaining their irritability, over the whole of the body. 
Rabbits seem to be somewhat more susceptible than cats, but otherwise the effects 
on the two animals are identical. When the injections are made into the facial or 
external jugular vein, the muscles of the fore part of the body are earliest and most 
markedly affected. After a dose of 1 mg. p. kg. moderately quickly injected, the 
nerve endings in these muscles are more or less paralysed within ten seconds of the 
commencement of the injection, and in susceptible animals may remain paralysed for 
several minutes. Fairly quick recovery then occurs. 


* Compt. rend., lxxvi. p. 887 [1873]. + Trans. Roy. Soc. Lond., clxxv. p. 215 [1884]. 
t Dissert. Berlin., 1888, quoted by SanrEsson and Korasgn, p. 220. 
§ Skand. Arch. f. Physiol., x. p. 220 [1900]. || Loc. ctt., p. 185. SI Loc. ctt. 


** Loc. ctt., p. 209. tt Loc. cit., p. 189. tt Arch. f. eap. Path. wu. Pharm., xlviii. p, 48 [1902]. 
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The action on the fore limbs of a cat is shown in the uppermost tracings (L) 
of figs. 1 and 2. Both figures are taken from the same experiment. Previous to 
the injection shown in fig. 1 an injection of half the dose of tetra-methyl-ammonium 
chloride had been given. The first figure shows the results of intermittent stimula- 
tion of the musculo-cutaneous nerve with the secondary coil at 40 cm., the primary 
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Fic, 2.—Effect of tetra-methyl-ammonium chloride on contraction of fore limb produced by continuous stimulation 
of musculo-cutaneous nerve, Same animal as fig. 1. Letters as in previous figure. x 4. 


current being obtained from an accumulator with an E.M.F. of two volts. The 
wavy appearance of the earlier part of the tracing is due to the presence of small 
spontaneous rhythmical contractions of the limb. Almost immediately after the cessa- 
tion of the injection these spontaneous movements ceased and stimulation of the nerve 
a few seconds later produced a scarcely appreciable effect. In this case total paralysis 
to this strength of stimulus lasted six minutes, then recovery gradually occurred ; but 


the nerve did not regain its former irritability, and the stimulus was consequently 
increased. 
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The effect of stimulation with the secondary coil at 30 cm. is shown in fig. 2, 
which also shows the action of the same dose of tetra-methyl-ammonium chloride 
during continuous stimulation of the nerve. The cessation of the contraction seven 
seconds after the commencement of the injection is striking. The method of con- 
tinuous stimulation does not, however, show recovery from the effects of the drug 
owing to fatigue being so easily induced. For this purpose intermittent stimulation 
is necessary. 

When strong or moderately strong intermittent stimuli are employed, complete 
paralysis of the nerve-endings may not be observed after the injection of 1 mg. p. kg. 
body-weight of tetra-methyl-ammonium chloride. Hach stimulation after the admini- 


Fic. 3.—Contractions of fore limb of rabbit produced by stimulation of musculo-cutaneous nerve during recovery 
from tetra-methyl-ammonium chloride. For description see text. 


stration of the drug may produce a well-marked, although less than normal, contraction ; 
but the contraction is not maintained, and notwithstanding the continuance of the 
stimulus, quickly falls to or near the abscissa (fig. 3). This contraction, indeed, may 
be so short as to resemble a simple twitch. ‘This effect of apparent rapid exhaustion was 
first shown by Boru ™~ in the case of curarin. 

Occasionally another effect—a staircase effect—is obtained by stimulating a nerve 
during recovery from the paralysing action of tetra-methyl-ammonium chloride, and 
this, combined with the rapid exhaustion of the nerve-endings, produces a curious, 
humped-back form of curve. This is shown in fig. 3. The animal, a rabbit, was 
anzesthetised with ether; the brain was excised at 10.43, and the anzesthetic discon- 
tinued at 11.0. The musculo-cutaneous nerve was isolated and divided, and the 

* Arch. f. exp. Path. wu. Pharm., xxxv. p. 16 [1894]. 
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movements of the limb were registered as in the previous experiment. Stimulation 
with the secondary coil at 26 cm. produced a well-marked contraction, sometimes with 
a slight staircase phenomenon. An injection of 1 mg. tetra-methyl-ammonium chloride 
was made into the right facial vein at 12.3, and after preliminary convulsive contrac- 
tions, produced paresis of the nerve-endings. Stimulation of the nerve at 12.7 with 
the secondary coil at 26 cm. produced a simple muscle twitch. At 12.11, with the 
coil at 22 em., a slight sustained contraction was obtained, and at 12.19, with the 
coil at 20 cm., the divided humped-back contraction shown at (a). The effect is 
shown better at (b), the curve obtained by continuous stimulation of the nerve with 
the same strength of stimulus at 12.21. 

The cause of the staircase phenomenon in tetra-methyl-ammonium chloride 
poisoning has not been further investigated. It differs from that produced under 
physiological conditions by adjusted repetitions of a stimulus in being preceded by a 
well-marked rapid contraction which, in some cases, exceeds in height the summit of 
the staircase, thus resembling in form the initial contraction and reflex rebound con- 
traction observed on stimulating an uncut mixed nerve with a single induction shock,* 
and in the muscle requiring a much longer period of rest before it can be reinvoked. 
As is seen in (a), a repetition of the stimulus fifteen seconds after the summit of the 
staircase has been reached, is followed by no staircase phenomenon, and this is also true 
if the stimuli are repeated at half-minute intervals. In this case the only observable 
difference shown by each successive curve from that of the latter half of (a) is a more 
rapid exhaustion. It is not until an interval of one to one and a half minutes between 
the successive stimulations is allowed that the staircase effect begins to reappear. 

In one experiment the spinal accessory was isolated and stimulated intermittently, 
along with the phrenic nerve, and the contractions of the sterno-mastoid muscle recorded 
before and after injection of tetra-methyl-ammonium chloride. - The effects obtained 
were so similar to those observed in the case of the fore limb that further description is 
unnecessary. 

In the case of a hind limb the effects observed after the injection of tetra-methy]- 
ammonium chloride from stimulation of the sciatic or crural nerve are similar to those 
occurring in a fore limb; but when the injections are made into the external jugular 
vein the effects are less marked, and are later in appearing. Thus in a rabbit an- 
eesthetised with ether the injection of 1 mg. tetra-methyl-ammonium chloride into the 
external facial vein merely caused gradual diminution in the contractions of the hind 
limb, produced by stimulation of the sciatic nerve, for two minutes, at the end of 
which time only a slight twitch was obtained from continued stimulation. Recovery 
commenced one and a half minutes later, and was nearly complete six minutes after the 
injection. The respiration, on the other hand, rapidly diminished in extent, and had 
almost ceased eleven seconds after the commencement of the injection. It began to 
increase ten seconds later, and was normal a minute after the beginning of the injection. 

*.Of. SHERRINGTON, Journ. of Physiol., xxxvi. p. 202 [1907]. 
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Similarly, when the injection of tetra-methyl-ammonium chloride was made during 
stimulation of the sciatic nerve, the fall of the muscle lever was gradual, and it did not 
reach the abscissa before the respiration had recovered from its paralysis. The same 
want of synchronism between the respiratory paralysis and the paralysis of the hind 
limbs occurred after the injection of protocatechyl-tropeine, and led me to minimise the 
peripheral origin of the respiratory paralysis. 

The effect of tetra-methyl-ammonium chloride on the terminations of the phrenic 
nerve was determined in a number of instances, and found to be similar to that on the 
nerves of the fore limbs. It will be referred to in considering the action of this 
substance on the respiration. 

Effect on Decerebrate Animals.—After division of the brain through the quadrate 
bodies and crura and delay for half to three-quarters of an hour after cessation of the 
anzesthetic to allow of its excretion, the intravenous injection of tetra-methyl-ammonium 
chloride produces in cats, less commonly in rabbits, immediate short clonic convulsions 
(fig. 4). These convulsions may terminate in death. If not, the convulsions cease or 
almost cease, and more or less paralysis of the motor nerve-endings may be demonstrated. 
Even if convulsions do not occur, increased excitability can be shown to be present for 
a few seconds after the injection by blowing on the animal. ‘The reflex response to 
this form of excitation is markedly increased immediately after the injection, and is 
still present when the respiration has ceased (fig. 5). It quickly diminishes, however, 
and a few seconds later no response can be elicited. ‘The slight normal response returns 
with or soon after the recommencement of the breathing, but no distinct increased 
excitability occurred in the experiments in which this form of stimulation was tried 
until another injection was made. Occasionally slight convulsive movements were 
noticed in anzsthetised animals after a second or later injection. 

Most observers who have investigated the general effects of tetra-methyl-ammonium 
compounds on mammals mention convulsions as a prominent symptom. Brunton and 
CasH,* for example, state that after the injection hypodermically of 0°2 g. tetra-methyl- 
ammonium iodide to a rat, the animal was affected at once with powerful convulsions ; 
and similar results with much smaller doses of the chloride on mice and guinea-pigs 
were observed by [oDLBAUER. f 

The seat of origin of the convulsions has not been determined. The simple response 
to external stimulation (fig. 5) points to the spinal cord being involved; but as the 
convulsions exhibit a similar form to those produced by drugs acting on the basal 
ganglia, it is probable that these structures are also affected, and as such drugs also act 
on the motor areas of the cerebrum, these centres may be influenced as well. 

Liffect on Frogs.—In the frog convulsions are not produced by the injection of 
tetra-methyl-ammonium chloride into a lymph sac. The predominant symptom in 
these animals is muscular paresis or paralysis. After a minimal paralytic dose the 
respiratory movements cease within two minutes, and a minute later the animal is 

* Loc. cit., p. 207. + Loc. cit., p. 190. 
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unable to turn over when laid upon its back. The effect is upon the nerve-endings 
mainly as may be shown by electrical stimulation of the nerves and muscles after 
the intoxication. 

According to lopLBAvER * the minimal paralytic dose for the edible frog is 0°005 mg. 
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Fic. 4,—Clonic spasms of fore limb Fic. 5.—Reflex excitability during paralysis of respiration in decerebrate rabbit after 
of decerebrate cat produced by intravenous injection of 2 mg. tetra-methyl-ammonium chloride, Rabbit. 
2 mg. tetra-methyl-ammonium 2200 g. Cerebrum excised 2.50. Both vagi cut. Atropine 5 mg. injected at 
chloride intravenously forty- 4.4, At points marked X animal was sharply blown upon. Letters as in 
five minutes after excision of previous figures, 


cerebrum and cessation of anes- 
thetic. Injection shown at X. 
Time in seconds. 


p- g- body-weight ; according to Sanresson and KoraEnt 0°01 mg. p. g. body-weight, 
The latter observers give as the minimal paralytic dose for the grass frog 0°12 mg. p. g. 
body-weight. My own experiments with smaller frogs indicate that it is 0°08—0°09 mg. 
p. g. body-weight. 
Duravux{ and IopLBaver§ deseribe fibrillary contractions as occurring in frogs 
* Loe, cit., p. 186. + Loc. cit., pp. 221, 222, t Loc. cit. § Loc cit., p. 188. 
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after tetra-methyl-ammonium chloride. They do not appear to have been noticed by 
SANTEsSON and Korakn,* and they were not observed in my experiments with winter 
frogs. On the contrary, I found that this substance would inhibit or prevent the 
fibrillary contractions produced by tetra-methyl-ammonium chloride. 

They occurred, however, to a slight extent when an isolated muscle was steeped in 
certain concentrations of tetra-methyl-ammonium chloride, and I have frequently seen 
fibrillary twitchings in rabbits occurring both spontaneously and as the result of 
stimulating a nerve. ‘To this point I shall return in a later communication. 
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Fic. 6.—Effect of 1 mg. tetra-methyl-ammonium chloride intravenously on respiration and blood-pressure of 
etherised rabbit. Weight 1650 g. Letters as in previous figures. 


EFFECT ON RESPIRATION. 


In anzsthetised animals the most interesting effect on the respiration is the 
temporary paralysis which follows the intravenous injection of certain doses of this 
drug. The effect is most typically seen in rabbits, and is shown in fig. 6. The effect 
of a larger dose on a cat is seen in fig. 1. As will be observed, the respiration ceases 
or almost ceases a few seconds after the injection of the substance, and some seconds 
later recommences, at first slightly and somewhat less frequently than normally, and 
then with increasing depth and frequency until the normal is reached. The dose 
required to produce the effect is 0°5 to 1 mg. p. kg. body-weight intravenously, and it 
is necessary to make the injection moderately quickly (in about five seconds) in order to 
obtain for a sufficiently brief interval the proper concentration of the substance in the 


* Loe. cit., p. 220. 
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blood. If the injection is made much more slowly, greater or less retardation and 
shallowness, but not actual stoppage, of the respiration may be produced. If larger 
doses are employed and rapidly injected, the respiration is quickly and completely 
paralysed, and it usually fails to restart spontaneously ; or, if it does commence again, 
it remains inefficient. In such cases artificial respiration is generally able to reinstate 
the respiration unless the dose administered has been excessive. 

Effect on Decerebrate Animals.—On decerebrate animals, if time has been allowed 
for the influence of the anzesthetic to pass away, the effect of tetra-methyl-ammonium 
chloride on the respiration is, in some respects, different from that described as 
occurring in aneesthetised animals. In the latter no preliminary stimulation of the 
respiration, beyond a slight increase in depth of one or two respirations, occurs with 
any dose of the drug; in the former this effect is a common feature of its action. And 
not ouly may there be the appearance of stimulation before the paralysis occurs, but 
also the recovery from the paralysis is quicker and is often accompanied by greater 
respiratory activity. Further, in some decerebrate animals the quantity of tetra- 
methyl-ammonium chloride necessary to cause respiratory paralysis has been several 
times that required for aneesthetised animals; and in these animals especially the 
stimulant effect on the respiration has been very marked. If, however, the decerebrate 
animal is lightly aneesthetised, the effects are similar to those seen in anesthetised but 
otherwise normal animals. 

The stimulating effect on the respiration of a decerebrate animal of a dose of tetra- 
methyl-ammonium chloride usually sufficient to paralyse the respiration of an anzes- 
thetised animal, and the paralysing effect of a large dose, are shown in fig. 7. The 
animal, a rabbit (2450 g.), was anzsthetised with ether containing a little chloroform. 
At 11.3 the brain above the corpora quadrigemina was removed, and between 11.10 
and 11.20 the fifth cranial nerves were cut proximal to the Gasserian ganglia. The 
anesthetic was then stopped. At 11.36, 0°6 mg. tetra-methyl-ammonium chloride 
was injected into the right facial vein, with much the same result as is shown in the 
first part of the figure. At 11.444, 1 mg. was injected, and, as is seen, the respiration 
was powerfully stimulated. No depression or paralysis occurred. At 11.58 the same 
dose was injected more slowly, and a similar but less marked effect resulted. Before 
the effects of this dose had passed away, 2 mg. was injected, and further transient 
stimulation followed by temporary paralysis obtained. Subsequently 5 mg. was injected, 
with the result shown in the second part of the figure. Occasional shallow respiratory 
movements occurred later, but the respiration failed to re-establish itself and the 
animal succumbed. 

As the effects obtained on decerebrate animals were slightly variable, and as the 
matter is of some importance for the purposes of this paper, a summary of twelve 
experiments made on rabbits is given. The animals were anzsthetised with ether, and 
the anesthesia maintained with a mixture of ether and chloroform until the mid-brain 
was divided and the cerebrum removed. In some experiments the fifth cranial nerves 
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were divided close to the Gasserian ganglia; in one experiment the ganglia were 
removed. ‘The anesthetic was then stopped. Cannule were introduced into the right 
common carotid artery and the right anterior facial vein, for the purposes of recording 
the blood-pressure and injecting the substance respectively. The respiration was 
recorded by attaching a phrenograph or one limb of the tracheal cannula to a recording 
tambour. The time occupied by the injections, unless otherwise stated, was about 


five seconds. 
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Fic. 7.—Effect of tetra-methyl-ammonium chloride on respiration and circulation of decerebrate rabbit. 
Both fifth cranial nerves cut. Letters asin fig. 1. x4. 


Experiment I.—Rabbit, decerebrate. Weight, 2300 g. Anzesthetic stopped, 10.45. 


11.14. 2 mg. tetra-methyl-ammonium chloride injected. Almost complete and im- 
mediate cessation of respiration for three seconds, followed by increased 
depth and frequency for ten seconds, and succeeded by a second almost 
complete paralysis lasting twenty-five seconds, then quick and good 
recovery. 

The blood-pressure (62 mm. Hg) showed a transient rise to 78 mm. Hg, 
followed by a moderately quick fall to 36 mm. Hg, with slowing of the 
frequency of the heart, and then a moderately quick rise to 111 mm. Hg. 
This rise, in turn, was followed by a gradual fall to 38 mm. Hg (at 11.18), 
and the fall by a gradual return to the normal height, 
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11.24. 2 mg. again injected. Respiration quickly depressed and paralysed for three 
seconds, followed by quick recovery and subsequently increased frequency 
and depth. oar 

The blood-pressure (70 mm. Hg) showed a very slight preliminary 
rise, followed by a fall to 39 mm. Hg and a secondary rise to 66 mm. Hg, 
and subsequent fall to 34 mm. Hg at 11.26. 


Experiment II.—Rabbit, decerebrate. Weight, 2100 g. Anesthetic stopped, 11.30. 
Very low initial blood-pressure (26 mm. Hg). 


11.44. 1 mg. tetra-methyl-ammonium chloride into right external jugular vein. 
Sheht gradual depression of respiration and then (thirty-five seconds 
after the injection) rapid paralysis. The blood-pressure gradually fell 
to 11 mm. Hg. Artificial respiration was performed for three minutes. 
The respiration was re-established, and the blood-pressure rose to 
104 mm. He. 

11.523. 1 mg. again injected. Rapid and almost complete paralysis of respira- 
tion six seconds after commencement of injection with rapid recovery 
eleven seconds later. The blood-pressure fell from 106 mm. Hg to 
95 mm. Hg, and, after a transient rise to 102 mm. Hg, fell to 
91 mm. Hg. 


Expervment ITI.—Rabbit, decerebrate. Weight, 2025 g. Anesthetic stopped, 3.5. 


3.31. 1 mg. tetra-methyl-ammonium chloride injected. Rapid, shallow, and irregular 
respirations almost immediately followed. Sixteen seconds later deep 
convulsive respirations occurred and were replaced, after thirty-five seconds’ 
interval, by deep, regular respiration. 

The blood-pressure (80 mm. Hg) fell at first to 56 mm. Hg, and the 
heart-beats diminished to less than half their previous frequency. Five 
seconds before the commencement of deep breathing, the blood-pressure 
commenced to rise, and rose to 123 mm. Hg. With the onset of good 
regular breathing it gradually fell to 89 mm. Hg. 

3.37. 1 mg. again injected. Caused almost immediate paralysis of the respiration 
followed by gradual recovery. 

The blood-pressure fell from 84 mm. He to 58 mm. Hg, and 
the heart-beats from 13 to 5 in four seconds. ‘The blood-pressure 
then rose to 108 mm. Hg and the heart-beats to 64 in four seconds. 
At 3.39 the blood-pressure was 79 mm. Hg and the heart’s frequency 93 
in four seconds. 

3.45. A third similar injection produced the same effects, but these were accompanied 
by marked muscular tremors. 


PHARMACOLOGICAL ACTION OF TETRA-ALKYL-AMMONIUM COMPOUNDS. 29 


Experiment IV.—Rabbit, decerebrate. Weight, 1850 g. Fifth cranial nerves cut 
distally to Gasserian ganglia. Anzesthetic stopped, 2.54. Respiration irregular 
in rhythm. 


3.18. 0°5 mg. tetra-methyl-ammonium chloride injected. Transient stoppage of re- 
spiration followed by deeper, regular, and more rapid respiration. The 
blood-pressure fell from 80 mm. Hg to 68 mm. Hg, and with the onset 
of respiration rose to 108 mm. Hg. It then gradually fell to 72 mm. Hg 
(at 3.193). 

3.20. 0°5 mg. again injected. Produced only slight depression of respiration. The 
blood-pressure was influenced as by previous injection, but to a somewhat 
less extent. 

3.21. 1 mg. injected. Produced paralysis of respiration for twenty seconds although 
blood-pressure was less influenced than by previous injections, 


Expervment V.—Rabbit, decerebrate. Weight, 2000 g. Both fifth cranial 
nerves cut. Anzesthetic stopped, 11.0. 


11.26. 2 mg. tetra-methyl-ammonium chloride injected. Respiration almost ceased 
for two seconds immediately after injection, then increased in depth and 
frequency for one minute, and subsequently returned gradually to normal. 

The blood-pressure (82 mm. Hg) rose slightly during the injection, 
and then, with marked slowing of the heart’s frequency, fell rapidly to 
49 mm. Hg for a few seconds. A gradual rise to 71 mm. Hg followed, 
succeeded by a gradual fall to 51 mm. Hg and a gradual return to normal 
at 11.30. 

11.36. 1 mg. atropine injected. Shght transient stimulation of respiration and slight 
increase in frequency of heart. 

11.37. 2 mg. tetra-methyl-ammonium chloride injected. Respiration almost ceased 
for one second, then increased in frequency and gradually in depth for one 
minute, after which it gradually returned to normal. 

The blood-pressure showed successively a transient rise to 85 mm. Hg, 
a fall to 74 mm. Hg, a rise to 108 mm. Hg (at 11.38), a gradual fall to 
67 mm. Hg (at 11.39). 

11.40. 1°5 mg. tetra-methyl-ammonium chloride injected. Effects similar to previous 
injection, but somewhat greater diminution of frequency of heart. 


Experiment VI.—Rabbit, decerebrate. Weight, 2250 g. Both fifth cranial 
nerves cut. Anzesthetic stopped, 12.0. 
12.21. 1 mg. atropine injected slowly. 
12.25. 2 mg. tetra-methyl-ammonium chloride injected. Twelve seconds after com- 
mencement of injection respiration increased markedly in depth and some- 
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what in frequency. There was a simultaneous rise (occupying six seconds) 
of blood-pressure from 114 mm. Hg to 150 mm. Hg, and after maintaining 
this level for twenty seconds it gradually fell. The effect on the respiration 
continued somewhat longer than that on the blood-pressure. The frequency 
of the heart was not affected. 


12.27. 2 mg. again injected. Respiration affected as after previous injection, but 


increase in depth somewhat greater. The blood-pressure fell from 124 mm. 
Hg to 102 mm. Hg for a few seconds, then rose to 156 mm. Hg, which 
was maintained for twelve seconds. It then fell, at first quickly, afterwards 
slowly, to 102 mm. Hg at 12.284. 


12.29. 10 mg. tetra-methyl-ammonium chloride injected. Respiration completely 


paralysed seven and a half seconds after commencing the injection. No 
recovery occurred. 


Experiment VII.—Rabbit, decerebrate. Weight, 1850 g. Both fifth cranial nerves 


cut, the right not completely, proximal to the Gasserian ganglia. Anzesthetic 
stopped 10.50. 


11.21. 2 mg. tetra-methyl-ammonium chloride injected. Marked increase in depth of 


respiration commencing six seconds after beginning of injection and lasting 
four seconds and passing on to complete paralysis five seconds later. 
Spontaneous recovery did not occur, and artificial respiration only estab- 
lished infrequent respirations. 

The blood-pressure (96 mm. Hg) rose slightly and then fell rapidly to 
56mm. He. Afterwards it rose to 98 mm. Hg and then fell to near the 
base line. 


Haperiment VIII.—Rabbit, decerebrate. Weight, 1775 9. Left fifth 
cranial nerve cut. Aneesthetic stopped, 11.30. 


{1.59. 1 mg. tetra-methyl-ammonium chloride injected. ‘The respirations trebled in 


frequency a few seconds after the commencement of the injection, but 
rapidly diminished in depth and ceased ten seconds after beginning the 
injection. The paralysis lasted eleven seconds. After recommencing, the 
respiration quickly became efficient and remained somewhat more rapid 
although less deep for two minutes before gradually returning to normal. 

The blood-pressure (95 mm. Hg) showed a transient rise, then a quick 
fall to'76 mm. Hg, which was succeeded by a slight rise and then a gradual 
fall, concurrent with the recommencement of the breathing, to 56 mm. Hg. 
Recovery to the normal took several minutes. 


12.43. Injection repeated with similar result. : 


12.29. 1 mg. again injected. A few very powerful respirations almost immediately 


followed, but the respirations quickly diminished in depth and ceased 
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twelve seconds after the commencement of the injection. The paralysis 
continued for nine seconds, and then quickly became approximately normal 
for about six seconds, after which it became somewhat convulsive in type. 

The blood-pressure (104 mm. Hg) exhibited a transient rise, then a 
fallto 77 mm. Hg. With the reeommencement of the respiration a slight 
transient rise occurred, followed by a fall to 39 mm. Hg, which was 
maintained. 


Experiment IX.—Rabbit, decerebrate. Weight, 1800 g. Both fifth cranial nerves 
cut, but left not completely. Anzesthetic stopped, 11.0. 


11.39. 1 mg. tetra-methyl-ammoninm chloride injected. Respiration increased in fre- 
quency three seconds after the beginning of the injection, but diminished 
in extent, and four seconds later ceased. The paralysis lasted nine seconds, 
then respiration recommenced and rapidly became efficient, the depth 
being somewhat less than, but the frequency double, that before the injec- 
tion. The increased frequency continued for two minutes, then gradually 
passed away. 

The blood-pressure (73 mm. Hg) fell to 56 mm. Hg, and then com- 
menced to rise with the complete cessation of the respiration and continued 
until it reached 104 mm. Hg, just at the time when the respiration had 
become well re-established. It then fell gradually to 70 mm. Hg at 11.41. 


Experiment X.—Rabbit, decerebrate. Weight, 1900 g. Both fifth cranial nerves cut. 
Anesthetic stopped, 10.40. 


11.4. 1 mg. tetra-methyl-ammonium chloride injected. Respiration diminished in 
extent five seconds after commencement of injection and was quickly 
followed by increasing frequency and gradually increasing depth for eight 
seconds. Then it diminished in extent and later increased until, forty- 
five seconds after the injection, it was 30 per cent. more rapid and the 
excursion of the lever was double that of the normal. Gradual return to 
normal then occurred. 

The blood-pressure (77 mm. Hg) showed a preliminary rise and then 
a prolonged fall, being 54 mm. Hg eleven seconds, and 40 mm. Hg two 
minutes, after the commencement of the injection. At three and a quarter 
minutes it was 49 mm. Hg, at six minutes 58 mm. Hg, and at thirteen 
minutes after the injection 77 mm. Hg. 

11.20. 2 mg. injected. Increased rapidity of respiration commenced four seconds 
after beginning of injection, but the curve gradually diminished in extent 
until twenty seconds later it was only one-seventh its previous height. 
The respiration then increased in extent, but diminished in frequency, 
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and twenty seconds later was almost normal. Afterwards it gradually 
became slower and finally ceased five minutes after the injection. 

The blood-pressure (77 mm. Hg) showed a slight preliminary rise and 
then a fall to 58 mm. Hg at ten seconds, and 49 mm. Hg at twenty 
seconds after the injection. No recovery occurred. 


Experiment XI.—Rabbit, decerebrate. Weight, 2450 ¢. Both fifth cranial nerves 
cut proximal to Gasserian ganglia. Anzesthetic stopped, 11.20. 


11.36. 0°6 mg. tetra-methyl-ammonium chloride injected. Six seconds after com- 
mencement of injection the respiration increased suddenly to three times 
its previous frequency and about 20 per cent. in depth. This effect 
was maintained half a minute and then commenced to pass away, but the 
respiration had not reached its normal rate eight and a half minutes after 
the injection. 

11.444. 1 mg. injected. The earlier part of the effects of this injection is shown 
in fie. 7. 

11.58. 1 mg. injected (took twelve seconds). Thirteen seconds after the commence- 
ment of the injection there occurred a marked increase in the frequency 
and a transient increase in the depth of the respirations, which soon 
commenced to pass away. 

11.593. 2 mg. injected (took eleven seconds) while respirations still rapid. Increased 
frequency and increased depth of respiration commenced three seconds after 
the beginning of the injection and was replaced by slowing and diminished 
depth five seconds later. After a further interval of five seconds the 
respiration ceased. The paralysis lasted for thirteen seconds. When the 
respiration recommenced, it was shallow and rapid, but it quickly reached its 
normal form. There was marked slowing of the heart and a fall of blood- 
pressure after the previous injection and a further slight slowing of the 
heart and slight fall of blood-pressure after this injection. 

12.53. 5 mg. injected. The effect is shown in fig. 7. Occasional shallow respirations 
occurred afterwards. 


Experiment XII.—Rabbit, decerebrate. Weight, 2200 g. Both Gasserian ganglia 
excised. Anzesthetic stopped, 3.38. 


3.53. 0°5 mg. tetra-methyl-ammonium chloride injected. Gradual diminution in depth 
of respiration commencing four seconds after beginning of injection and 
reaching maximal diminution, which was maintained six seconds, ten 
seconds later. Recovery gradually occurred during the next fifteen 
seconds. 

The blood-pressure (65 mm. Hg) rose slightly and then fell to 
45 mm. Hg nine seconds after the beginning of the injection, and to 
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33 mm. Hg one minute after the injection. It showed practically no 
recovery. 

4.0}. 1 mg. injected. A rapid increase in depth and frequency occurred seven seconds 
after the beginning of the injection. Seven seconds later the frequency, 
and ten seconds later the depths of the respiration, began to diminish, and 
forty-five seconds from the commencement of the injection respiration 
ceased. After twenty seconds a few shallow respirations occurred at 
intervals during the next half-minute. The blood-pressure very gradually 
fell to 15 mm. He. 

Cause of the Respiratory Paralysis.—As previously stated, lopLBavER* ascribes 
the temporary paralysis of the respiration to stimulation of the terminations of the 
fifth cranial nerves in the nose. He came to this conclusion because (1) he observed 
closure of the glottis— an associated act of the Kratschmer-Hering reflex—during the 
respiratory standstill ; (2) he was unable to produce respiratory paralysis after anzesthetis- 
ing the nasal mucous membrane; (3) he did not observe the characteristic effect in 
cats, animals in which the typical Kratschmer-Hering reflex is absent. In these 
animals he obtained transient powerful stimulation of the respiration followed by some 
depression and rapid return to the normal. 

It is difficult to understand why lopLBaver failed to obtain the respiratory 
paralysis in cats. It is possible that the animal used for the experiment in which 
efficient doses were given may have been relatively insusceptible to tetra-methyl- 
ammonium chloride, since variations in the reaction to this substance occur in these 
animals and also in rabbits. In the few experiments | have made on cats, respiratory 
paralysis has been as easily induced as in rabbits, although generally somewhat larger 
relative doses were necessary for the purpose (see fig. 1). 

Nor have I been able to corroborate LopLBAUER'’s statement that anzesthetising 
the nasal mucous membrane of rabbits prevents the appearance of the respiratory 
paralysis. Even after the careful injection of large quantities of a 5 per cent. solution 
of cocaine hydrochloride so as to reach the whole mucous membrane, the intravenous 
injection of 1 mg. tetra-methyl-ammonium chloride produced the same effect as before 
the application of the cocaine. 

[t would seem further that if this action is due to stimulation of the trigeminal 
nerve-endings in the nose, the local application of such a diffusible substance as tetra- 
methyl-ammonium chloride would induce it. As I shall show in a later communication, 
the application of 1 in 5000 solutions of this substance to frogs’ muscles produces a 
maximal effect within a few seconds, and it is inconceivable that the nasal mucous 
membrane should act as a semi-permeable membrane to it. Yet the injection of 1 to 2 
per cent. solutions into the nasal cavities of anzesthetised animals, the respiration of 
which was paralysed by intravenous injections of 1 mg., produced no effect whatever. 
IopLBAUER apparently used this method with equivocal results, which he attributes to 


: * Loc. cit. 
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the diticulty of avoiding mechanical stimulation of the mucous membrane by the 
instillation. 

Moreover, as is evident from the experiments already summarised (Exps. IV., V., 
VI., X., XL, XIE), the effect is still obtaimed after section of both fifth cranial nerves 
in the base of the skull. And in one experiment in which these nerves were divided in 
the interval between two injections the effect produced by the injections was similar 
in both cases (fig. 8). 

It would therefore seem that the cause of the temporary paralysis of the respiration 
is not to be found in stimulation of the nerve-endings in the nose. As previously 
stated, it is in all probability due mainly to transient depression or paralysis of the 
myo-neural junctions in the respiratory muscles. It has already been shown that 
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Fic. 8.—Effect of tetra-methyl-ammonium chloride before and after division of both fifth cranial nerves in decerebrate 
rabbit. 12.12, right fifth nerve cut; 12.13 left nerve cut. Letters as in previous figures. x }. 

greater or less paresis of the motor nerve-endings to the sterno-mastoid and the muscles 
of the fore limbs occurs a few seconds after the injection of a dose of tetra-methyl- 
ammonium chloride sufficient to paralyse the respiration. An examination of the 
various experiments in which the effect on the respiration and the excitability of 
the fore-limb muscles was observed shows that the paresis of the fore-limb muscles 
is synchronous with the paralysis of the respiration. This is seen in fig. 1 in the 
cessation of the spontaneous muscular movements, and also in fig. 2, although the 
respiration in the latter case was not so quickly paralysed. It was further found 
that the duration of the paralysis in each case was similar. After some injections 
the limb muscles seemed to be more influenced than the respiration—a weak stimulus 
which had previously produced a good contraction inducing for a short time no reaction 
after a dose sufficient to depress, but insutticient to paralyse, the respiration : or, as 
shown in fig. 1, failing to react to the same degree as before, after the respiration 
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had completely recovered from the paralysis; but even in these cases the depression or 
paralysis of the motor nerve-endings and of the respiration was shown to run a parallel 
course. When the influence of tetra-methyl-ammonium chloride on the terminations 
of the phrenic nerves was investigated, complete agreement was found to exist between 
their irritability and the effect on the respiration. In these experiments the phrenic 
nerves were isolated in the base of the neck and one or other, usually the right, 
‘stimulated in continuity. The respiration was recorded by means of a phrenograph 
connected to a tambour recorder. A considerable number of such experiments were 
made, but as they all conform to that shown in fig. 1, it is only necessary to refer to 
this. In this experiment the right musculo-cutaneous and right phrenic nerves were 
stimulated simultaneously. As will be seen from the tracing (line R), the effect on 
the respiration and the effect of stimulating the phrenic are completely concordant. 

It would seem therefore that the respiratory paralysis produced by tetra-methyl- 
ammonium chloride is largely, if not solely, due to paralysis of the nerve endings in 
the respiratory muscles. This being the case, we might expect a comparable effect to 
be given by curare. This substance, however, is somewhat slower in its action and 
much more prolonged in its effects than tetra-methyl-ammonium chloride, and after 
the injection of doses sufficient to paralyse the respiration spontaneous recommencement 
of the breathing cannot be obtained without artificial respiration. According to TiLLIE,* 
the smallest dose of curarin, administered intravenously, which will completely paralyse 
a rabbit is 0°2 mg. p. ke. body-weight; 0°3 mg. to 0°5 mg. p. kg. cause loss of reflexes 
and spontaneous breathing for ten to fifteen minutes. Consequently in an experiment 
on a cat—animals which, according to BoruM,t are somewhat less sensitive to curarin 
than rabbits—carried out in a similar manner to those referred to on p. 18, anesthesia 
being maintained throughout the experiment, a dose of 0:16 mg. p. kg. body-weight 
was decided on. The intravenous injection of this quantity of curarin caused gradual 
failure of the respiration commencing twenty-one seconds after the beginning of the 
injection and going on to complete paralysis two minutes later. Hlectrical stimulation 
of one of the cords of the brachial plexus and of the right phrenic nerve showed 
gradually diminishing contraction of the fore limb and the diaphragm respectively 
parr passu with the failure of the respiration. With complete cessation of the 
respiration stimulation of the phrenic nerve caused no contraction of the diaphragm, 
but stimulation of the brachial cord produced a just appreciable movement of 
the limb.{ Artificial respiration was performed, and five minutes later spontaneous 
breathing recommenced, but even with the aid of short periods of artificial respira- 


* Arch. f. exp. Path. u. Pharm., xxvii. p. 22 [1890]. 

+ Festschrift zu C. Ludwig's 70. Geburstag, 1886, quoted by Tinu1®, lov. c2t., p. 4. 

{ This result although slight is probably unusual. By careful dosage of curarin T1LL1e was able to keep an 
animal paralytic without stopping the respiration ; and A. Mosso (Memoria della R. Acad. delle Scienza di Torino, ser. 
ii. vol. liii. p. 397, 1908) and M. Cato (Arch. di Farmacol. speriment. e Scienz. affin., xii. p. 533, 1912), by comparing 
the respiratory movements of the thorax and abdomen, have shown that the muscles of the thorax are paralysed 
before those of the diaphragm. 
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tion nearly twenty minutes elapsed after the paralysis of the respiration before 
practically normal respiration was established, and it was some minutes later 
before the diaphragm reacted to stimulation of the phrenic to the extent it did 
previous to the injection. After the injection of double this dose, paralysis of the 
muscles and respiration appears much more quickly, but three to four times the dose 
mentioned is necessary to produce that rapid paralysis of the respiration which is seen 
after tetra-methyl-ammonium chloride. Owing to the prolonged action of curarin on 
the myo-neural junctions, a strict comparison with the paralysing action of tetra-methy]- 
ammonium chloride on the respiration is not possible ; but it is interesting to note that 
the type of the paralysis is the same in both cases and that after large doses of the 
two substances the paralysing effect on the respiration is practically identical. In view 
of the convulsant action of tetra-methyl-ammonium chloride, it is further of interest to 
note that TrLL1z* observed weak convulsions, apparently on non-anzsthetised animals, 
after the injection of 1 mg. to 2 mg. curarin prior to the appearance of complete 
paralysis, and these were more marked when artificial respiration was performed 
throughout the experiment. 

There still remains the question whether the cause of the respiratory paralysis is 
wholly due to the paresis of the nerve endings in the respiratory muscles. As previously 
mentioned, Poxt,t working with some quaternary papaverine derivatives, observed 
this form of temporary expiratory paralysis with spontaneous recovery after intravenous 
injections into rabbits. And yet he found that these substances had no paralysing 
action on the motor nerve-endings of frogs. He came to the conclusion that the effect 
on the respiration was due to an action on the respiratory centre, and he explained the 
effect of tetra-methyl-ammonium chloride in the same way. But the only experiment 
he appears to have made was one to controvert the view of TappEINER, and in this he 
divided the ophthalmic branches of the fifth cranial nerves, and still found that he 
obtained the characteristic paralysis of the respiration after the intravenous injection of 
this substance. Its action was not further investigated. 

In order to determine whether the paralysing action on the respiration produced by 
tetra-methyl-ammonium chloride is partly central, two experiments in which the injec- 
tions were made alternately into the carotid artery and the facial vein were performed 
on anzesthetised rabbits. Although the concentration of tetra-methyl-ammonium 
chloride reaching the respiratory centre after injection into the artery must have been 
considerably greater than after injection into the vein, a larger dose was necessary to 
induce respiratory paralysis. Thus the injection of 1 mg. into the carotid artery pro- 
duced in both animals merely slight gradual diminution of depth and slowing of the 
respiration, whereas this dose, when injected into the facial vein, caused almost complete 
temporary paralysis. When double the dose injected into the vein was injected into 
the artery, almost identical effects on the respiration were obtained from the two 
injections. Some difference was noted in the initial effects on the blood-pressure, the 
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fall being more gradual and the slowing of the heart’s frequency much less marked 
after the intra-arterial than after the intravenous injection. 

The paralysing action of this substance on the respiration would therefore seem not 
to be due to an action on the respiratory cenire. Nor is it due to an action on the 
circulation or on the peripheral nervous mechanism within the lungs, since, as will be 
shown later, it is much more transient than the circulatory action, and it is obtained 
after section of both vagi or after the injection of sufficient atropine to paralyse the 
vagal terminations. 

That tetra-methyl-ammonium chloride is not without action on the respiratory centre 
is evident from the experiments on decerebrate animals. But instead of being 
depressant to this centre, it is powerfully stimulant. And that the paralysis is not 
due to exhaustion following stimulation is obvious from the fact that stimulation of 
the respiration is usually present in decerebrate animals after the paralytic stage has 
passed away. The larger doses of tetra-methyl-ammonium chloride which are some- 
times necessary to paralyse the respiration of decerebrate animals, and the more rapid 
recovery from the paralysis, also point to this conclusion. It has been mentioned that 
strong or moderately strong electrical stimuli applied to nerves may still produce 
contraction of the innervated muscles after doses of tetra-methyl-ammonium chloride 
sufficient to paralyse the respiration, although moderately weak stimuli may no longer 
do so, and there can be little doubt that a powerfully stimulated respiratory centre acts 
in a similar manner, only more efficiently. In other words, the impulses from a 
respiratory centre in this condition are able to overcome a greater degree of depression 
in the peripheral structures, and hence the depression must be made more profound by 
the injection of larger doses in order to obtain paralysis ; and as the stimulation continues 
for a much longer time than the paralysis, the more rapid recovery may be similarly 
explained. It is probable that the convulsant action noticed after toxic doses to normal 
animals has a similar explanation. ‘That the stimulation of the respiratory centre does 
not occur in anzsthetised animals when the substance is administered intravenously is 
due to the well-known fact that it is more dithcult to stimulate this centre in anzesthetised 
than in normal animals, and any slight stimulation which may be induced would, in 
this case, be checked by the simultaneous paralysing action on the myo-neural junctions. 
By the injection of small doses into the carotid artery of anzesthetised animals, slight 
stimulation of the respiration, both increase in depth and in frequency, can be 
demonstrated. 

Influence of the Vagus on the Respiratory Paralysis.—Anesthetised animals in 
which both vagi have been divided are more sensitive to the action of tetra-methyl- 
ammonium chloride than animals with the vagi intact. Thus a dose which may 
produce in an ordinary anzsthetised animal slight temporary depression without 
cessation of the respiration will, after section of both vagi, cause complete temporary 
paralysis; or a dose sufficient to paralyse for a few seconds the respiration of an animal 
with undivided vagi, may, after the vagi have been cut, produce permanent respiratory 
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paralysis. If not, the period of paralysis is longer than before the vagi were severed 
and the period of recovery of the respiration is prolonged. Decerebrate animals in 
which the section was made above the anterior quadrate bodies also proved more 
sensitive to the paralysing action of tetra-methyl-ammonium chloride after the vagi 
were cut than before. When the section through the mid-brain was made behind these 
bodies, division of the vagi was followed by irregular, spasmodic, and inefticient 
breathing, which gradually failed. All that could be deduced from the injections of 
tetra-methyl-ammonium chloride in these vagotomised animals was that they produced 
no stimulation of the respiration. This apparently increased sensitiveness of vago- 
tomised animals to the influence of tetra-methyl-ammonium chloride is doubtless due 
to the fact that after division of the vagi the centripetal impulses produced by 
inspiration and expiration, which normally play an important part in the regulation of 
the respiration, are cut off, and the respiratory centre is thus deprived of one of its 
most efficient forms of stimulation to activity. After doses of atropine sufficient to 
paralyse the pulmonary vagus, no increased sensitiveness to tetra~-methyl-ammonium 
chloride was observed, which is probably due, as some of my experiments seem to 
suggest, to a limited antagonism existing between these substances. 

The experiments which have been described prove that the action of tetra-methyl- 
ammonium chloride in paralysing the respiration is fundamentally due to a depressant 
action on the myo-neural junctions of the respiratory muscles. It will be shown in 
subsequent communications that the paralysing effect on the respiration of other tetra- 
alkyl-ammonium compounds is proportional to their power of causing muscular paresis. 


EFFECT ON THE CIRCULATION. 


In anzsthetised animals the intravenous injection of tetra-methyl-ammonium 
chloride invariably causes a fall of blood-pressure and almost invariably a decided 
diminution in the frequency of the heart-beats (fig. 6). The fall of blood-pressure, 
occasionally after an insignificant rise, begins a few seconds after the commencement of 
the injection and usually about two seconds before the respiration is influenced. At 
first it is generally rapid, and later more gradual. After a dose of 1 mg. the fall may 
occupy twenty seconds and the blood-pressure may then be less than half its original 
height. If the respiration is inefficient, a slight asphyxial rise may occur, but commonly 
this is absent and the low blood-pressure continues, notwithstanding an efficient 
respiration, for one to three minutes and then gradually returns to normal. In a few 
cases after the administration of this dose the blood-pressure has fallen to a low level 
and no recovery has occurred. 

The fall in the frequency of the heart-beats runs a similar course, but is of 
somewhat shorter duration. It commences with the fall of blood-pressure and may 
amount to 25 per cent., but is generally less than this. It begins to pass away before 
the blood-pressure commences to rise, and has usually completely passed away before 
the blood-pressure has reached its normal height. It is apparently wholly due to 
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stimulation of the vagal endings in the heart, since it is unaffected by division of the 
vagi and is abolished by the injection of sufficient atropine to paralyse these endings. 
After paralysing the vagal endings by means of atropine, the injection of 1 mg. tetra- 
methyl-ammonium chloride still causes a fall of blood-pressure, but the fall is more 
gradual and is usually much less in extent that in non-atropinised animals. Otherwise 
it runs a similar course. In cats after minimal doses the fall of blood-pressure and of 
the frequency of the heart is usually less than in rabbits, but otherwise the effects 
produced are the same. 

After larger doses the fall of blood-pressure is more rapid, more marked, and more 
prolonged, and unless the respiration becomes efficient or artificial respiration is per- 
formed, no recovery follows. In some cases even when spontaneous breathing has 
recommenced or artificial respiration has been performed, the blood-pressure showed no 
recovery or rose but slightly. In these the blood-pressure remained at a very low 
level and the anima] eventually succumbed. 

In decerebrate animals a fall of blood-pressure with slowing of the heart also 
occurs (figs. 7 and 8), but is almost invariably preceded by a slight transient rise, also 
associated with a diminution of the heart’s frequency. With the fall of blood-pressure 
the heart for a short period often becomes very slow. The vagal endings are also more 
sensitive to stimulation than normally—a stimulus which before the injection produced 
no effect causing after the injection a marked vagal action. The fall of blood-pressure 
is succeeded by a rise, often considerably above the normal height, which is soon 
followed by a fall below normal, the rise and fall occupying about twenty seconds. 
After a varying interval gradual recovery occurs as in anzesthetised animals. When 
atropine has been given previously, there is usually little or no preliminary fall of 
blood-pressure after the injection of small doses of tetra-methyl-ammonium chloride, 
and after a short interval a considerable rise occurs, which is maintained for about 
twenty seconds, and is followed by a fall to normal or a little below normal (fig. 5). 
IopLBAUER * also observed a rise of blood-pressure in non-anesthetised animals after 
atropine had been given, but this was only followed by a fall below normal when large 
doses of tetra-methyl-ammonium chloride were injected. 

The effect of tetra-methyl-ammonium chloride on the circulation is somewhat 
complex. JODLBAUER, as a consequence of the experiment just mentioned, concludes 
that it causes a marked stimulation of the vaso-motor centre, and, since he obtained 
less slowing of the heart's frequency after than before division of the vagi, that it also 
stimulates the cardio-inhibitory centre. ‘The variable effects he obtained on the blood- 
pressure he explains by stating that sometimes stimulation of the vagal mechanism, 
sometimes stimulation of the vaso-motor centres, is predominant. The fall of blood- 
pressure, apart from that caused by stimulation of the vagus, he believes is due to 
paralysis of the vaso-motor centres. In my own experiments the stimulation of the 
cardio-inhibitory centres was relatively slight; after division of the vagi in decerebrate 

* Loe. cit., p. 196. 
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animals the slowing of the frequency of the heart was only 10 per cent. less than 
before the vagi were divided. ‘The greater vagal effect seen in decerebrate animals as 
compared with anzsthetised animals is mainly due to greater stimulation of the vagal 
terminations. 

The fall of blood-pressure in anzesthetised animals is mainly, and the early fall of 
blood-pressure in decerebrate animals is wholly, vagal in origin, and is due to stimula- 
tion of the vagus endings in the heart; but the late fall in decerebrate animals and the 
fall in aneesthetised animals are partly vascular, and appear, contrary to lopLBAUER’S 
statement, to be peripheral, and not central, in nature. ‘This was shown by observing 
the effects of stimulating a splanchic nerve on the blood-pressure. Thus in a small 
etherised rabbit (weight 1600 ¢.) stimulation of the left splanchnic nerve raised the 
blood-pressure from 52 mm. Hg to 72 mm. Hg. After the injection of 1 mg. tetra- 
methyl-ammonium chloride stimulation of the nerve with the same stimulus produced 
no effect until the blood-pressure commenced to rise. Two minutes after the injection 
it raised the blood-pressure from 35 mm. Hg to 37 mm. Hg; four minutes after the 
injection from 44 mm. Hg to 50 mm. Hg; and six and a half minutes after the injection 
from 52 mm. Hg to 65 mm. He. Whether the effect is due, as TILL1E * maintained for 
curarin, to a depressant influence on the vaso-constrictor nerve endings or upon the 
muscle of the vessel walls, has not been determined. The perfusion of the blood-vessels 
of winter frogs has produced, with concentrations down to 1 in 400,000, only contrac- 
tion, whereas plethysmographic experiments with the intestines of etherised rabbits 
have shown only dilatation of the vessels. It seems probable that the dilatation of the 
blood-vessels is one affecting mainly the splanchnic area and is due to a depressant 
influence on the terminations of the splanchnic nerves. This is probably the main 
vascular factor contributing to the fall of blood-pressure, but the diminished resistance 
associated with the paralysed condition of the voluntary muscles may not be without 
influence. 

‘he temporary rise in blood-pressure occurring in atropinised decerebrate animals 
and the rise following the preliminary fall in non-atropinised decerebrate animals are 
due to stimulation of the vaso-motor centres. The curve of the rise and fall in non- 
atropinised animals strongly suggests an asphyxial origin, but while there can be no 
doubt that the increased carbon dioxide tension in the blood caused by the paralysis 
of the respiration acting upon an excited vaso-motor centre is partly responsible for 
the rise, it cannot be wholly due to this cause, since it occurred in similar form in 
animals with an efficient respiration (see fig. 7, in which, however, the rise is relatively 
small). Moreover, it only followed the earlier injections of an experiment, and was 
less marked or absent after moderate or large doses had been given. The rise of blood- 
pressure may therefore be attributed to stimulation of the vaso-motor centres and the 
subsequent fall to the increasing preponderance of the peripheral action already 
referred to. 


* Loc. ctt., p. 29. 
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IIIl.—Polycheta of the family Nereide, collected by the Scottish National 
Antarctic Expedition (1902-1904). By L. N. G. Ramsay, M.A., B.Sc., Carnegie 
Research Scholar, Christ’s College, Cambridge. Communicated by Dr. J. H. 
ASHWORTH. 


(MS. received October 7, 1913. Read December 15, 1913. Issued separately March 30, 1914.) 
[Plate III. ] 


The collection of Nereidze brought home by the Scotia proves to be of considerable 
interest. As other expeditions have indicated, the family is but poorly represented in 
the antarctic or sub-antarctic regions ; and although a large number of specimens were 
collected at the South Orkney Islands, these have all proved to belong to one species, 
N. kergquelensis M‘Int. No nereids were obtained at any of the deep-water stations 
farther south—the family being decidedly littoral in its range. 

The chief interest, however, lies in the material collected so assiduously throughout 
the vessel's wanderings. Six other species were obtained, including one from the 
Falkland Islands, hitherto undescribed. 

' The investigations of the more recent workers on the Nereide continually tend to 
widen the distribution of hitherto known species, and to link up forms which have been 
described as distinct—in some cases apparently from the supposition that it was incon- 
ceivable that one and the same species could inhabit areas so widely separated as, say, 
the Indian Ocean and the North Atlantic. It is becoming more and more evident, 
however, that in the determination of species, locality must not be taken into account. 
Several species are already recognised as having a range that is practically cosmopolitan 
(e.¢. NV. dumeril, from the North Atlantic, North Pacific, and Persian Gulf; N. mirabilis, 
from the West Indies, Red Sea, Persian Gulf, and Malay Archipelago). It is therefore 
clear that the world-wide distribution of any particular species is a contingency that 
must be reckoned with. 

The means of dispersal which render this world-wide distribution possible can only, 
for the present, be a matter of surmise ; the carriage of pelagic larvee by ocean currents 
may be sufficient to account for it; and in this connection, also, the investigations of the 
Scotva naturalists supply a very suggestive hint in the discovery of nereids living and 
breeding among floating gulf-weed in mid-Atlantic. These, it may be noted, have been 
described as a variety of the species N. dumeralz. 

The excellent condition of the Scotva material has rendered its examination and the 
determination of the species comparatively easy. The descriptions following are in no 
case based on a single specimen ; where only a few specimens were found, these were all 
examined in detail; where examples were numerous, the individual variation has been 


taken into account. This is of considerable importance, as the great latitude of indi- 
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vidual variation, in such characters as the numbers and grouping of paragnaths, and the 
relative lengths of appendages, has apparently led astray several former investigators of 
the group, and has resulted in the creation of a deplorable number of perfectly indistin- 
guishable species. ‘This is undoubtedly due in some measure to the laborious nature of 
the examination necessary for the adequate determination of the characters of a nereid. 

In the preparation of this report, the extensive collections of Nereide in the 
Cambridge University zoological laboratories, hailing from all regions of the globe, have 
been of great assistance ; for these | am indebted to Mr F. A. Ports. It may be 
mentioned here that the writer is at present engaged on a revision of the family as a 
whole, and on this account one or two points, such as the relationships of the species 
allied to NV. falklandica, or of the species comprised in the = genus or group Platy- 
nereis, have not been discussed in the present paper. 

I have to thank Professor J. Srantey GarpineR and Mr F. A. Ports for helpful 
advice. My best thanks are also due to Professor F. JEFrreyY BELL for kindly allowing 
me access to the collections at the Natural History Museum for purposes of comparison ; 
finally, to Dr W. 8. Brucr himself for permitting me to examine the material. 


TABLE OF SPECIES, WITH LOCALITIES. 


Nereis kerquelensis M‘Int. . South Orkneys. 
Falkland Islands. 
Nereis eugene (Kbg.). . . Falkland Islands. 
Nereis mirabilis Kbg. . Brazilian coast. 
Nerevs pelagica Lin. . Cape of Good Hope. 
Nereis falklandica n. sp. . Falkland Islands. 
Nereis australis (Schmarda). . . Falkland Islands. 


Cape of Good Hope. 
Nereis dumerilu Aud. et Edw., subsp. 


nov. comata. . ‘ . North Atlantic (mid-ocean). 


Nereis kerquelensis M‘Int. 
Nereis kerguelensis M‘Intosh (10), p. 225, pl. xxxv. figs. 10-12. 

Station 825. Scotia Bay, South Orkneys; many specimens. 

Station 118. One small specimen, Port Stanley, Falkland Islands, January 1908. 

This species was the only representative of the Nereide obtained at the South 
Orkneys, where it was apparently fairly common in the littoral zone at Scotia Bay. 
Many specimens were collected in 9-10 fathoms; they are accompanied by tough 
membranous tubes in which they lived. 

Two specimens from Scotia Bay (season ?) are undergoing change to the heteronereid 
form. 

It appears to be a peculiarity of this species that the spinigerous sete of the lower 


COLLECTED BY THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION. 43 


neuropodial bundle are homogomph in form. This, at any rate, is constant in the 
Falkland Islands specimens, as well'as in those from the South Orkneys. 

N. kergquelensis has a wide distribution in the sub-antarctic regions, having 
been recorded from Kerguelen, South Georgia, the Falkland Islands, and the South 
Shetlands and Graham Land, besides the South Orkneys. Recently Von MaRrENZELLER 
(12, p. 15) has recorded specimens from the eastern Mediterranean, collected by the 
Austrian oceanographic vessel Pola, and he mentions also some from the Azores in 
the collections of the PrincE or Monaco. 


Nereis eugemzx (Kbg.) Char. emend. Ehl. 
Nereis eugenix Ehlers, (3), p. 67, pl. iv. figs. 94-105. 


Station 349. Two specimens, dredged in 15 fathoms, sandy bottom, off Tussock 
Islands, Falkland Islands, December 2, 1903. 
These are both large specimens, and agree in all respects with Exnuers’ full descrip- 
tion and figures. 
This species has been recorded from the shores of various parts of the southern 
extremity of South America, but not previously from the Falkland Islands. 


Nereis (Ceratonereis) mirabilis Kbg. 
Nereis (Ceratonereis) mirabilis, Ehlers, (2), p. 117, pl. xxxvii. figs. 1-6. 


Station 81. One specimen, dredged in 36 fathoms, coral bottom, about 200 miles 
off the coast of Brazil, 18° 24’S., 87° 58’ W., December 20, 1902. 

It is a small example, incomplete posteriorly, and showing the characters typical 
of the species. 

The type specimen of N. mirabilis was obtained off the Brazilian coast in 9°S. 
latitude (9, p. 170). The species has subsequently been recorded from Florida 
(2, p. 117), the Red Sea (7, p. 172), Porto Rico and Bermuda (18, p. 193), Amboina 
(14, p. 336), and the Persian Gulf (15, p. 392). 


Nereis pelagica Lin. (Pl. III. figs. 1, 2.) 
Nerets pelagica M‘Intosh (11), p. 267, and figs. 
Station 478. One example from the shore, Table Bay, South Africa, May 14, 1904. 
Station 483. Two examples, trawled in 25 fathoms, sand and kelp, entrance to 
Saldanha Bay, South Africa, May 21, 1904. 

The three are all small specimens, the largest being 25 mm. long; fortunately 
the proboscis is in all cases everted, and this greatly facilitates examination. 

I can find no differences of importance between these and British specimens of 
N. pelagica; the general form of the body, the parapods, sete, and the prostomium 
and its appendages all agree, as does the armature of the proboscis, except that the 
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ventral paragnaths of the basal ring (VII.—VIII.) do not exhibit an anterior row of 
markedly larger points, such as is usual in examples from Britain (v. figs. 1 and 2). 

The noto-cirri are rather shorter than in typical British specimens, but nevertheless 
overreach the noto-ligules all along the body. . 

N. lucipeta Ehl., from Great Fish Bay, some distance farther north, very 
closely resembles the present species, as EHLERS himself states (6, p. 71). HHLERs’ 
specimens were all in the heteronereis condition, and his main grounds for separating 
the species from pelagica were: the swollen outline of the noto-cirri of the first seven 
pairs of parapods, the number of parapods in the anterior (unaltered) portion of the 
body, ae. 19-20 pairs, and the longer tentacular cirri (the Jongest reaching to the 
9th—11th setigerous segment). 

I have before me a small example of N. pelagica, obtained at Plymouth in March 
1913, 25 mm. in length, and in the heteronereis condition ; this specimen, as regards 
the parapods and their modifications, exactly agrees with Exumrs’ description and 
figures of NV. lucipeta. The change in the form of the parapods occurs at the 21st pair, 
and the Ist-7th pairs—of the anterior region—have the basal part of the noto-cirrus 
swollen to a sausage shape, and terminate in a short, unswollen tip, exactly as fioured 
by Euters for N. lucipeta. 


The length of the tentacular cirri is not of much importance, as it is subject to 
considerable variation. 

While the present record forms an important extension of the known range of 
N. pelagica, it is not surprising that the species should be found to occur on the 
coasts of South Africa, as it has previously been reported from such widely separated 
regions as northern Kurope, the northern Pacific (both the Japanese and American 
shores), and the west coast of South America. 


Nereas (Perineris) falklandica, n. sp. (PI. IL. figs. 3-10.) 


Station 118. One specimen, Port Stanley, Falkland Islands. 
Station 349. One specimen, dredged off Tussock Islands, Falkland Islands, in 
15 fathoms, sandy bottom, December 2, 1903. 

These two are in excellent preservation, but one is incomplete posteriorly. The 
complete example measures 80 mm. in length by 6 mm. in width over parapods. 
There are 93 setigerous segments ;.the width hardly decreases till the 80th, behind 
which the body rapidly tapers. The other example is smaller. 

The anal cirri are very short, as are also the peristomial cirri. In the preserved 
animal (in alcohol) the tentacles and peristomial cirri are livid, in marked contrast to 
the deeply-pigmented prostomium ; the palps and the basal divisions of the peristomial 
cirri are intermediate in colour, or slightly pigmented. The eyes are unusually small, 
and each is surrounded by a pale ring. In the incomplete specimen the pigment is 
more developed than in the larger one, and the dorsal surface of the body-segments 
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is dull purplish-brown like the head. In the other the body is practically unpigmented, 
although the head agrees with the above description (v. fig. 3). 

The proboscis (figs. 4, 5) was in both cases retracted, but owing to the good 
preservation of the specimens, examination by dissection gave very satisfactory results. 
The two were found to be identical as to the form and arrangement of the paragnaths. 
These, numerous, black and conical, and of very diverse size, are arranged as follows :— 

I. An irregular area of numerous very minute black points, with a few larger 
ones situated medio-anteriorly. 
II. A closely-packed triangular group of about fifteen large paragnaths. 

III. A small close-set transverse group of about ten, of fairly large size. 

IV. About twenty-five, of varying size, forming a transversely-elongate group. 
V. One large median paragnath. 
VI. One large paragnath, slightly elongate transversely. 
VIL-VIIL A wide band of very numerous cones, smallest and most numerous in 
the mid--ventral region, becoming fewer and larger towards the dorsum and 
also towards the anterior margin of the belt, and extending dorsalwards 
nearly to VI. 
The jaws are nearly black, opaque, with one big “tooth” or notch near the tip, the 
remainder of the cutting edge being only slightly crenate (fig. 6). 

~In the anterior region of the body the lobes of the parapods are short, stout, 
rounded, and of more or less even size. Proceeding towards the posterior end, a 
gradual transition of form takes place; the base of the dorsal ligule becomes enlarged 
and more enlarged, assuming an oblong form and carrying the cirrus with it; the 
rounded tip of the ligule projecting below the cirrus becomes less prominent. At the 
same time the lower lobes of the parapod are reduced in size, especially the ventral 
ligule (figs. 8-9). Thus the outline of the parapods changes gradually from a quad- 
rangular to a triangular one. 

The setze, numerous, short, closely-packed, and of a horny yellow colour, are thus 
distributed :— 

A. Notopodial bundle: homogomph spinigers. 

B. Upper neuropodial bundle: homogomph spinigers (above). 

a e. heterogomph falcigers (below). 

C. Lower neuropodial bundle: heterogomph falcigers. 

The heterogomph spinigers which appear on the upper margin of C in most species 
of eres have apparently been eliminated. ‘The bristles do not vary appreciably in 
form from the 1st parapod to the 70th at least. The falcigers have stout shafts, and 
short stout appendages (fig. 10). 

In the general external form, and in the characters of the parapodia, sete, and the 
prostomium and its appendages, the present species closely resembles NV. varzegata Gru., 
and others of the same group: NV. marionis A. et E. (11, p. 295), N. melanocephala 
M‘Int. (10, p. 216), N. (Pseudonereis) anomala Grav. (7), N. ruficeps Ehl. (6), 
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N. gallapagensis Kbg. (8). From all these, however, the armature of the proboscis 
exhibits considerable differences. No other species of nereid, to my knowledge, exhibits 
a similar arrangement in group I., z.e. very numerous, minute, scattered conical parag- 
naths. Again, there isin NV. falklandica none of the markedly pectiniform arrange- 
ment of the paragnaths of groups II., LII., and IV. exhibited by N. variegata, 
N. anomala, and N. gallapagensis. VII.—VIII. also are distinctive. 

This group of species, in common with the rest of the family, stands in considerable 
need of revision. In the case of NV. variegata, two different types appear to have been 
confused under the one name by different authors. 


Nereis (Platynereis) australis (Schmarda). 
Nereis (Platynereis) australis, Ehlers (5), p. 26, pl. iii. f. 16-20, iv. f. 1-2. 
Station 349. One specimen, dredged in 15 fathoms, sandy bottom, off Tussock 
Islands, Falkland Islands, December 2, 19038. 

Station 118. One specimen, Port Stanley, Falkland Islands, January 1903. 

Station 478. One specimen, shore, Table Bay, South Africa, May 1903. 

Station 482. Four examples, in 2-8 fathoms, shells and sand, Houtjes Bay, 

Saldanha Bay, South Africa, May 21, 1908. 
Station 483. Numerous examples, in 25 fathoms, sand and kelp. Entrance to 
Saldanha Bay, South Africa, May 21, 1904. 

The Scotva specimens are all small, none exceeding 4 mm. in width over pararodia, 
by about 50 mm. in length. None is in the heteronereid state. Some are accompanied 
by membranous tubes similar to those of NV. dumerili. 

Hauers (4, p. 104), and Benwam (1, p. 238), have indicated the wide range of this 
species in the southern oceans, and reference should be made to these papers for the 
synonymy. 


Nereis (Platynereis) dumerilu, Aud. et Edw., subsp. n. comata. (Pl. III. figs. 11-13.) 
Nereis (Platynereis) dumerilit, M‘Intosh (11), p. 302, and figs. 


Station 536. 27° 23’ N., 33° 06’ W. One example, June 28, 1904. 

Station 538. 32° 11’ N., 34° 10’ W. Two examples, June 30, 1904. 

These were taken in mid-Atlantic, with the tow-net, among the floating oulf-weed 
of the Sargasso Sea. Those from Station 538 were in typical membranous tubes among 
the branches of the weed. They are small specimens, about 20 to 35 mm. long. One 
at least is full of ova. 

The proboscis was in all cases inverted; the two larger specimens were therefore 
dissected ; the proboscis of one of these, detached, flattened out and mounted in balsam, 
shows very clearly an armature of the type usual in N. dumeriz, that is, pectiniform 
series of paragnaths in the areas III., IV., VI., and VIL-VIII. The last are practically 
uniserial, and extend nearly half-way round the basal ring ; but some short combs, each 
of a few teeth, occur in front, representing the more typical biserial arrangement. 
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The bristles are of the forms characteristic of N. dumerilu. Two or three homo- 
gomph falcigers, with free appendages, occur on the inferior margin of the notopodial 
bundle in the more posterior parapods. 

The parapods (figs. 12-13) are of normal form, except that the notopodial cirri are 
of extraordinary length, and the neuro-setigerous lobe in the round-lobed parapods 
(5th—11th pairs) is more prominent than usual. 

The noto-cirri are longest about the 15th—20th pairs, behind which they grow 
somewhat shorter. The neuro-cirri are also unpsually long, distinctly overpassing the 
neuro-ligules. 

The tentacular cirri are of great length, the longest reaching approximately to the 
20th setigerous segment. 

On the head there are peculiar markings (fig. 11); a broad ring of dark brown 
granular pigment exists on the basal joint of each of the palps, and a band of similar 
nature on the forehead surrounds the bases of the tentacles. Otherwise the specimens 
-—preserved in alcohol—have lost their colour. 

The extraordinary elongation of the parapodial and tentacular cirri in these 
examples seems to justify their being assigned a distinct sub-specific name. So far 
as I am aware, the only other species of nereid which shows a similar development 
of cirri is V. mirabilis, a member of quite a different group. 

Judging from the position in mid-Atlantic where these worms were collected, one 
may suppose they had drifted across from the neighbourhood of the Gulf of Mexico 
with the south-west wind drift; but whether this variety of N. dumerilw characterised 
by such peculiarly elongate cirri has been evolved solely under the conditions of the 
drifting weed of the Sargasso Sea, or whether it is also to be found in the littoral 
areas of the seas of Central America, is a matter for future investigation. 


EXPLANATION OF PLATE III. 


Figs. | and 2. Nereis pelagica, Lin. South Africa. 


Fig. 1. Head and everted proboscis, dorsal view. x 18. 
,, 2. Proboscis everted, ventral view. x 18. 


Figs. 3 to 10. WV. falklandica, n. sp. Falkland Islands. 


Fig. 3. Head, from above. x 15. 
» 4. Maxillary ring of proboscis, dissected from the ventral side. x 15. 
,, 9. Basal ring, dissected from ventral side. x15. 
» 6. Jaw dissected out, ventral aspect. x 15. 
»  ¢. 10th parapodium. x 21. 
oe Ost ne x 21. 
Be San OLn EF x 21. 
,, 10. Falcigerous seta, from inferior neuropodial bundle of 10th parapodium. Zeiss 4 D. 
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Figs. 11 to 13. . dumerilit, A. et E., subsp. n. comata. Sargasso Sea. 


Fig. 11. Anterior extremity from above. x 17. 
» 12. 8th parapodium. x 32. 
» 13. 14th ‘ x 32. 
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IV.—On the Genus Porponia and Related Genera, Scottish National Antarctic 
Expedition. By Professor Oskar Carlgren, Universitetets Zoologiska Institution, 
Lund. Communicated by Dr W. 8S. Bruce. 


(MS. received August 12,1913, Read January 19, 1914. Issued separately March 30, 1914.) 
[Plate IV. ] 


In an Appendix to the Actinize of the Challenger Expedition, R. Herrwie, 1882, 
described a peculiar genus, Porponia, with two species, P. elongata and P. robusta, 
_ which he characterises in the following manner: “ Actiniarien (Hexactinien?) mit 2 
Schlundrinnen ohne Ringmuskel, mit diinnwandigen Tentakeln, deren Basen auf der 
dusseren Seite durch spangenférmige Verlangerungen des Mauerblatts gestiitzt werden.” 
Partly owing to the badly preserved material, however, he did not venture to indicate 
definitely its systematic position, though he considered it conceivable that it repre- 
sented a transitional form between the Zoanthidew and the true Actinie, or Hexactinie. 
Hertwic expresses the following opinion regarding the systematic position of the 
genus: “Die doppelreihige Stellung der Tentakel, die Abwesenheit vollstandiger 
Geschlechtsepten (Macrosepten) und unvollstindiger, sterilen Septen (Microsepten) 
sind Merkmale, welche an die Zoantheen erinnern, die Zahlen der Tentakel und der 
Septen passen ebenfalls am meisten fiir diese Gruppe, da sie weder von dem Numerus 6 
wie bei den Hexactinien noch von dem Numerus 4 wie bei den Paractinien bestimmt sind. 
Auf der anderen Seite nihert sich die P. elongata durch den Besitz von zwei Schlund- 
rinnen wieder mehr den Hexactinien, unter denen sie am meisten mit den Antheo- 
morphiden tibereinstimmt. Ich halte es daher fiir sehr wahrscheinlich, dass P. elongata 
eine Mittelform ist, welche den Ubergang von den Hexactinien zu den Zoantheen 
bildet.” Porponia possibly, he thinks, belongs to the Antheomorphide, a family 
supposed to be separated from the family Antheade chiefly by the absence of a 
sphincter and by the weak development of the musculature. 

Since R. Herrwie described this genus, it has not been made the subject of any 
close examination, nor for this reason has its systematic position been discussed in 
detail. Yet it is only right to mention that M‘Murricn was inclined to refer the 
genus Haleurias (Endocelactis) to the neighbourhood of Porponia. ‘In fact,” he 
writes (p. 226, 1898), “I was inclined at first to associate it (Halcurias) with Porponia, 
and was only deterred from doing so by the simplicity of the arrangement of the 
mesenteries.” (That Halcusias possesses a peculiar arrangement of the mesenteries, 
which agrees with what I have described, 1897, for the genus Hndocelactis, was not 
known to M‘Murricu at that time.) 


A closer examination of the material which I received for investigation from the 
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Scotia Expedition has proved, however, that the arrangement of the mesenteries, as 
also indeed a number of other characters, indicates a close relationship between 
Halcurias (Endocelactis) and Porponia, though each genus has its own distinctive 
characteristics. They must of necessity be referred to the same family, though this 
cannot be the Antheomorphide set up by Hertwic, with its genera Antheomorphe and 
Ilyanthopsis. As the following description will show, I have no hesitation in retaining 
the family set up by me, Endoccelactidee, for Haleurias and Porpoma. 

After describing in detail the Porpoma species of the Scotia Expedition, I shall 
discuss the mutual relationship of Halcurias and Porponia, and the position of the 
family Endoccelactide in the classification. At the same time I shall take the 
opportunity to discuss the genera Antheomorphe and Ilyanthopsis, as also the family 
Antheomorphide. 


I. THe STRUCTURE OF PORPONIA ANTARCTICA, N. SP. 


Place of discovery.—Off Coats Land, 71° 22’8., 16° 34’ W., 1410 fathoms, 16th 
March 1904. 17 specimens. 

Dimensions of the largest specomens.—Length 6-8 cm., breadth of the foot 3—4 
em., breadth of the disc 8-9 em., length of the inner tentacles 3-7 cm. 

External appearance.—-The fresh colour is creamy white, tinged, especially on the 
tentacles, with pale lavender. The base is expanded and often attached to a round 
stone, which it more or less encloses ; it is arranged in coarse, irregular folds, and 
secretes a fairly extensive cuticle. 

The body-wall is more or less beaker-shaped, arising from the less or greater 
contraction of the individuals. The distal part of the animal is thus wider than the 
proximal, and that often to a fairly considerable extent. The thick body-wall is 
provided with irregular longitudinal and transverse furrows, by means of which it is 
divided into irregular areas, as a rule very prominent, since the thin ectoderm has 
fallen off from almost all the specimens. ‘The distal, uneven edge of the body-wall is 
not marked off by any definite groove or line, but passes irregularly into the bases of 
the tentacles. In large specimens the tentacles are typically 68 * in number, yet this 
may be exceeded, as the arrangement of the tentacles and even the grouping of the 
mesenteries may be somewhat irregular in one quadrant (or several ?), resulting in a 
somewhat greater development of tentacles here than in the ‘other quadrants. The 
tentacles have the appearance characteristic for Porponia; on the outer side they are 
greatly thickened and like cartilage ; towards the oral disc, on the inner side, they are 
thin and resemble ordinary tentacles. Owing to the mesoglea being greatly thickened 
on the outer sides of the tentacles, it looks as if the tentacles here were provided with 
bridge-like outshoots from the body-wall. Further, the tentacles are conical, curved 


* The normal number of tentacles seems to be developed in the species at a comparatively early stage, as specimens 
of only half the size of the largest in the collection have already the typical number of tentacles. A small specimen, 
on the other hand, had considerably fewer tentacles ; but as it was much damaged, I have not tried to ascertain exactly 
the number of tentacles or their arrangement. 
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like a sabre towards the oral disc, thick in the basal part but gradually narrowing 
towards the tip, and of moderate length. Their arrangement is irregular, and recalls 


Fig, 1a. 


Fic. 1B. 


Fic, 1.—Porponia antarctica ; A from the side, B from the dise. 


the condition in Halcurias (Endocelactis). In the latter genus the true arrangement 
is difficult to find, and this is even more the case in Porponia owing to the greatly 
swollen bases of the tentacles. So far as I could find, the arrangement of the tentacles 


Oo 
bo 


PROFESSOR OSKAR CARLGREN ON THE GENUS PORPONIA 


on each side of the sagittal plane is as follows: 1 (dt.), 2, 1, 4, 8, 5, 3, 4, 1, 2, 1, 4, 3, 


5, 8, 4, 1, 2, 1, 4, 3, 5, 8, 4, 1, 2, 1, 4, 8,5, 8, 4, 1, 2=34 (dt, =directive tentacle): 
Altogether, therefore, there should be 18 tentacles of the first order, 10 tentacles of the 
second, 16 of the third, 16 of the fourth, and 8 of the fifth. But it has to be remarked 
that some groups of tentacles of the first and second orders, namely, the 5 (1, 2, 1, 2, 
1) in the sagittal plane on both sides of the angles of the mouth, and the 3 (1, 2, 1) on 
both sides in the transverse plane, arise somewhat further in than the other tentacles 
of the first and second order. The tentacles of the first order should therefore, perhaps, 
best be divided into 2 circlets (10+8), and similarly those of the second order into 
2 (6+4). The underlined tentacles of the fourth order stand somewhat further out 
than the others of the fourth order. The arrangement of the tentacles is thus 18 
(10+8)+10 (64+4)+16+16 (8+8)+8=68 (text-fig. 2). As in Halcurias, the 
peculiar arrangement of the tentacles is connected with a characteristic dislocation of 
the mesenteries. 

The oral dise is wide, expanded, marked by distinct radial furrows corresponding to 
the insertions of the mesenteries. The cesophagus is wide, oval, long, and provided 
with longitudinal furrows to a number of about 18. There are 2 cesophageal grooves, 
lying typically in the angles of the mouth, and broader in the aboral than in the oral 
part. No hyposulcus is developed. 

Anatomical structure.—The ectoderm of the base is high, and consists chiefly of 
supporting cells, which secrete a fairly thick cuticle. The mesogloea is extensive, as 
also the entoderm, in which the nervous system seems to be well developed. 

The ectoderm of the body-wall by comparison with the thick mesoglcea is thin and 
provided with numerous spirocysts of varying size up to 60» long and 11 » broad. 
Further, there are generally thick-walled capsules (length 26-34 mu, breadth 3 u). In 
cross-section there seem to be thickenings at the base which resemble transversely cut 
muscles, but are probably in reality thickened basal parts of the ectodermal cells 
(see below under Jlyanthopsis elegans). The mesoglcea is thick, and provided with 
numerous small cells with outshoots. The entodermal musculature is weak, and no 
sphincter is present. The entoderm is thin like the ectoderm. The entoderm of the 
body-wall and of the cesophagus is pigmented. 

The ectoderm of the tentacles is somewhat high, and contains fairly numerous 
spirocysts and thick-walled nematocysts (length 36-50 m, breadth 3-(5) u). The 
longitudinal musculature on the outer side of the tentacles is weak, but gradually 
becomes considerably stronger towards the inner side, so that the muscular wall is here 
about half the height of the supporting cells. ‘The mesogloea agrees in structure with 
that of the body-wall. On the inner side, in the lower part of the tentacles, it is, as a 
rule, just as thick as, or thicker than the ectoderm ; on the outer side, however, it is much 
thickened (fig. 6, Pl. [V.). The thickness decreases towards the tips of the tentacles 
(fig. 5, Pl. IV.), so that at the ends the mesogloea is almost equally developed round the 
tentacles. The entoderm is thin, and the ring-musculature weak. The radial muscula- 
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ture of the disc is in the ridges almost as well developed as the longitudinal musculature 
on the inner side of the tentacles, but in the furrows it is considerably feebler. 

The ectoderm of the cesophagus shows the usual structure, but in addition numerous 
thick-walled nematocysts (length 43-48 mu, breadth 5 ~), and in fair numbers spirocysts 
of the same appearance as in the body-wall. The mesoglcea, which is very thick, agrees 
in structure with that of the body-wall. 

The arrangement of the mesenteries is shown by the accompanying schematic 
fig. 2; 6 pairs of mesenteries of the first order, with 2 pairs of symmetrical, direc- 
tive mesenteries are present. While all the primary exocels are reduced, so that no 
mesenteries could be formed in them, each of the 4 lateral endoccels contains a pair 
of mesenteries of the second order, in which, however, the longitudinal muscles face 
outwards, as in the directive mesenteries. The mesenteries of the first and second 
order, all of which are perfect, are thus 20 altogether; of these 16 are grouped 
in 8 pairs with longitudinal muscles as the directive mesenteries, owing to the develop- 
ment of the mesenteries of the third order in the secondary endoceels, and the last 4 
mesenteries are unpaired at the sides of the directive mesenteries. The arrangement of 
the 20 oldest mesenteries thus agrees completely with the corresponding condition in 
Halcurias. In the endoccels of the second order we find mesenteries of the third, 
fourth, and fifth order. The mesenteries of the third order (8 pairs) are perfect, and 
have longitudinal muscles typical of the Actiniaria (muscles facing inwards). The 
mesenteries of the fourth order are unequally developed. On one side of the 
mesenteries of the third order, between these and the mesenteries of the second 
order, there is an imperfect mesentery of the fourth order, but on the other side a 
pair, consisting of one imperfect mesentery, lying nearest the mesenteries of the 
third order, and a perfect mesentery. Between the latter and the mesentery of the 
first order there is an imperfect mesentery of the fifth order. The arrangement of 
the mesenteries is thus: 6-—4—8-—8+8 unpaired —8 unpaired; thus in all 26 pairs, 
+8 unpaired of the fourth and 8 unpaired of the fifth order, or 68 mesenteries. 
While this is typical, the development probably proceeds somewhat further in some 
ways in very old specimens. : 

The mesenteries are somewhat thick, owing to the thickness of the mesoglea. The 
longitudinal musculature is fairly well developed, though not so much as in Haleurias. 
In the distal part the folds are thick, but grade towards the proximal end to a weak, only 
a little condensed, pennon-like region (figs. 7, 8, Pl. [V.), which approaches the body-wall 
and fuses with the well-developed parietal parts of the longitudinal musculature. The 
parietobasilar musculature is narrow but fairly well developed (figs. 7, 8, Pl. IV.), and 
goes far out towards the distal end. There are no separate basilar muscles, though in 
the foot end the muscles pass in a transverse direction, also on the longitudinal muscles’ 
side of the mesenteries; but these muscles which run transversely are continuations of 
the longitudinal musculature, which at the base of the column bend in a transverse 
direction (cf. p. 60, Ilyanthopsis elegans). 
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The filaments are well developed and extremely broad, owing to the strong develop- 
ment of the mesogloea (fig. 9, Pl. IV.). The vacuolar streak is little differentiated. Both 
in the intermediate part of the ciliated tract region and in the nematocyst glandular 
streak there are sparse spirocysts and fairly numerous thick-walled nematocysts, 
especially in the latter (length 36-41, sometimes even 46 u, and about 3 » broad). Of 
fairly common occurrence further in the glandular streak are nematocysts with distinct 
basal part to the spiral thread (length 37-41 uw, breadth 7 »). Even the entoderm of 
the filament is pigmented, especially on the region of the border-streak. 

The sexual organs occur on all well-developed mesenteries, even on the directive 
mesenteries. The animals are dicecious. 

For the Porpoma obtained by the Scotea Expedition I have set up a new species, 
P. antarctica. Of the species of Porponia already known it comes nearest to 
P. robusta, R. Hertwig, both in the form of the body and the appearance of the 
tentacles. To set up good characters between these two species is, however, distinctly 
difficult, as Hertwic’s description of P. robusta is so incomplete, and both, this species 
as well as the two specimens of P. elongata, do not seem to have the number of 
mesenteries and tentacles typical of P. antarctica. It is probable that the mesenteries 
of the fifth order have not been laid down in Herrwie’s form, to judge from the 
number of tentacles, which Hertwic gives to be 54 in P. elongata. According to 
some notes made by me in 1897 on revising the Challenger Actinie, the distribution and 
size of the spirocysts and nematocysts in P. robusta and P. elongata were as follows :— 

The spirocysts in the body-wall were in P. robusta very numerous and about 
40-44 » long, in the tentacles of P. elongata about 56-72 «; there were also spirocysts 
in the cesophagus of these two species. The nematocysts in the cesophagus were 48 u 
long in both P. elongata and P. robusta, in the tentacles of P. elongata 48 wu long. 
It is, however, noticeable that there were only fragments of the ectoderm in the 
Challenger species. 


II. On tHe Systematic Postrion oF THE GENUS PORPONIA. 


According to the anatomical account of the genus Porponia given above, there 
should be no doubt remaining that Porponea and Halcurias (Endocalactis) are very 
nearly related to each other. Common to both is the structure of the body-wall, and 
also of the cesophagus, both, among other things, being provided with numerous spiro- 
cysts. Even the anatomical structure of the filaments and distribution of the sexual 
organs show agreement. Most striking, however, is the characteristic and similar 
arrangement of the tentacles and mesenteries, which differs from that in all other 
known Actiniaria, as can be seen more clearly from the following scheme for the two 
genera. In both Halcurias and Porponia the same displacement of the original 
mesenteries and tentacles has clearly taken place. After the formation of the first 6 pairs 
of mesenteries, 1, 1, etc., in the ordinary way, 2 mesenteries (2, 2), with the longitudinal 
muscles faced outwards, have arisen in the lateral endoccels, and these mesenteries 
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form normal pairs with neighbouring mesenteries of the first order. At this stage, 
therefore, the genera have 10 pairs of mesenteries, 2 of which, lying medially 
opposite to each other, are directive mesenteries, whilst the other 8 are formed in 
pairs with typically arranged longitudinal muscles. In the 8 new endoccels arisen 
through the growth of the mesenteries of the second order, there is a further develop- 
ment of 8 normal pairs of the third order, so that at this stage we have 10 (6+4)+8 
=18 pairs of mesenteries. Thereafter the development proceeds in a more normal 
manner, the mesenteries of the fourth and fifth order in Porponia not developing in 
the endoccels of the third order, but on both sides of a pair of the third order; in an 
exoccel in relation to the mesenteries of the third order, but in an original endoccel of 
the second order. I have endeavoured previously (1897) to show that the develop- 
ment proceeds in this way in Hndocelactis, as with fairly great certainty I considered 
it possible, partly from the unequal development of the mesenteries at the basis of the 
column, to distinguish the first 6 pairs of mesenteries (1, 1, etc.) from the 4 pairs of the 
second order, and thence from the obviously great development of these 10 pairs in 
comparison with the others to distinguish them clearly from the subsequent orders of 
mesenteries. In Porponia I had admittedly not been able to study the development 
of the mesenteries so clearly as Hndocelactis, as the difference between the mesenteries 
of the said orders were not so distinct as in this latter form, owing to the fact that 
in Porpoma several more complete mesenteries occur than in Kndocelactis. The 
arrangement of tentacles in Porponia, as also the whole arrangement of mesenteries, 
indicates, however, that in this genus the mesenteries arise in the same manner, and that 
also after reaching a stage with 6 normally placed pairs of mesenteries, a development 
of mesenteries in the endoccels has taken place. The groups of tentacles of the first and 
second orders, which arise near the directive mesenteries 1, 2, 1 (dt.), 2, 1, and those 
which lie in the transverse plane 1, 2, 1, are inside the tentacles of the corresponding 
order which stand at the other 4 pairs of stronger mesenteries, a condition that is to 
some extent indicated on the schematic figure, but which in reality is considerably 
greater than the figure shows. ‘This indicates that we have to arrange the first 6 pairs 
of mesenteries by this plane. With regard to the arrangement of the tentacles other- 
wise, this is in the main the same in the two genera, great displacements occurring in 
the cycles with the development of certain mesenteries in the endoccels, wherewith, so 
to speak, a doubling of the tentacles in the lateral endoccels of the first and second 
orders arises. Above all, the arrangement of the 28 innermost tentacles is the same 
in both genera, as the figure shows. It is characteristic of both genera, therefore, that 
all the mesenteries of the second and third orders develop in the endoccels, and that 
in consequence great displacements in the position of the tentacles take place. 
Nevertheless, there are a number of differences in the structure of the two genera. - 
In a number of less important characters, such as the form of the body—in Porponia 
beaker-like, in Halcurias more cylindric—in the presence of only one cesophageal 
groove in Halewrias, whilst Porponia has two, there are certainly differences between 
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Fig. 3. 


Fics. 2 and 3.—Schematic sections through the esophagus region of Porponia antarctica (fig. 2) and 
Halcurias carlgreni (fig. 3). The position of the tentacles (the dark rings) is drawn in. The rect- 
angular, dark figures on the mesenteries indicate the longitudinal muscles. The shaded lines denote 
the directive plane. In Porponia the ridges of the esophagus are not drawn in, 
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the genera, but also others more important exist. In the two genera the tentacles are 
formed in a different manner, having the usual appearance in Halcurias, whilst they 
are greatly thickened in Porponia on the outer side, so that it looks as if the thick 
mesoglora of the body-wall extended in the form of bridge-like outshoots into the 
tentacles. An important distinction between Porponia and Hadcurias is also seen in 
the development of the mesenteries. Whilst Halcwrias has only 10 pairs of stronger 
mesenteries—the mesenteries of the third order being thus but feebly developed, and 
that only in the most distal end—there is a much larger number of stronger mesenteries 
in Porpona, which are connected with the cesophagus in its whole length or the 
greater part of this. Very characteristic also is the fact that the development of the 
mesenteries, which appear after the mesenteries of the third order, is different in the 
two genera. In Halcwrias the mesenteries of the fourth order arise normally, so that 
the two mesenteries in the same pair appear simultaneously ; the development then 
ceases, though it is possible that in some cases mesenteries of a fifth order may be laid 
down. In Porponia, on the other hand, the development has taken a different line, 
and comes to resemble that of the later mesenteries in Actinostola and Stomphia. The 
mesenteries of the fourth order, namely, do not appear at the same time; on the one 
hand, the one mesentery is developed much earlier than its pair; on the other, the 
development of the mesenteries of the fourth order is delayed in certain regularly 
arranged exoccels, so that here only one unpaired mesentery instead of a pair arises. 
This displacement of the mesenterial appearance has had the result that an unpaired 
mesentery of the fifth order arises on the side where the strongest and perfect mesentery 
of the fourth order lies. In fact, the development of the mesenteries of the fourth and 
following orders in Porponia comes under the same law as I have indicated for the 
development of later mesenteries in Actinostolidz, and which means that the develop- 
ment of a stronger mesentery in a previous order leads to an earlier development 
of the mesenteries of the subsequent orders in the area which lies nearest this 
stronger mesentery. Finally, it has to be noted that irregularities not rarely arise in a 
quadrant of Porponia which shows a somewhat larger number of mesenteries than the 
normal. If we indicate the mesenteries with numbers, those of the first order with 1, 
of the second with 2, and so on, the irregularity in the arrangement of the mesenteries 
on each side of the directive plane can be seen from the following scheme for the two 
genera (dm. = directive mesenteries) :— 

Halecurias (Hndocelactis). 

In(dumsetee ts (eee 2 9A 43.03, 4) Alp, A, 4, 8, 8, 4, 4, 2, 2,4, 4, 3, 
3, 4, 4, 1, 1 (dm.) =34. 
Porponia. 
feces see ea oo A 3 34 4 5 11,5) 4, 4,3, 8, 4, 2, 2, 4, 3, 3, 
4, 4, 5, 1, 1 (dm.) =34. 
The arrangement of the tentacles is also somewhat different in the two genera (see 


figures). This difference is due entirely to the different arrangement of the mesenteries 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 4). 8 
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of the later developmental stages, yet it has to be noted that the position of the 
tentacles, especially in Porponza, is difficult to determine, and it is just possible that 
the agreement is somewhat greater than is represented in the schematic figures. 

While Halcurias and Porponia are thus closely related to each other, there is still 
the question whether they have any near relationship to the genus set up by R. Hertwic, 
Antheomorphe, as M‘Murricu and Hertwic maintain, the one for Halcurias, the other 
for Porponia. In my opinion, such a relationship does not exist, for Antheomorphe, 
according to Herrwie’s poor description of this genus, appears to have normally arranged 
mesenteries and tentacles. On the other hand, it is not impossible that Haleurvas and 
Porponia are related to the form which WassILiEFF (1908) has described as Idyanthopsis 
elegans. The abnormal development of the mesenteries in Ilyanthopsis elegans, ac- 
cording to the obviously imperfect data given by WassILinFr, indicates, namely, the 
possibility of a mesenterial arrangement such as in Halcurias and Porponia, and even 
the habitus of the animal resembles that of Halcurias. To settle this, I have obtained 
a specimen of Ilyanthopsis elegans for investigation from the Conservator of the Bavarian 
State’s collection in Munich. As WasstLierr’s description of the animal leaves much to 
be desired,* and asit is by no means so schematically constructed as this author believed, 
I give here a description of this species, a description, however, that cannot be considered 
complete, as the material, which could not be dissected, was insufficient for the purpose. 

The body in Ilyanthopsis elegans is elongated, cylindrical, the base distinctly 
flattened, but the boundary between body-wall and base not sharply marked. The 
body-wall is provided with irregular transverse and longitudinal furrows, so that the 
parts of the wall between the furrows have the appearance of raised areas, which, how- 
ever, do not differ in their structure from the remaining part of the body-wall. The 
tentacles are of moderate length, 2-2°5 cm. (length of body over 6 cm.), and distinctly 
furrowed longitudinally, not thickened at the base and gradually narrowing towards 
the distal end. The arrangement of the tentacles was difficult to determine and by no 
means so simple as WaSssILIEFF imagined. There is no arrangement into two circlets 
only ; on the contrary, the arrangement shows distinctly a certain resemblance to that 
in Haleurias and Porponia, as some displacement of the tentacles has taken place, 
here also assuredly connected with an irregular arrangement of the mesenteries. In the 
first place, we have in each angle of the mouth (in the sagittal plane) quite the same 
arrangement of the tentacles as in Porponia and Halcurias. They further agree in 
this, that at certain points groups of tentacles occur, where two tentacles of the first 
order stand on each side of one of the second order. Lastly, the other tentacles also 
show a resemblance in arrangement to the corresponding ‘tentacles in these genera. 


* The Actiniaria described by WassixiuFF, especially some of the species, require revision. Thus, the Actinia 
described by Wassttierr under the name of Halcampella minuta is quite certainly no Halcampella, but rather a 
Haloclava, The occurrence of warts and the appearance and structure of the tentacles, which are bulb-like and swollen 
at the tips, speak in favour of this. The arrangement of the mesenteries and the siphonoglyphe agree less definitely, 
but this may be due to the specimen being a young individual, as is indicated by the small number of tentacles (15). 
If it cannot be referred to Haloclava or Eloactis, it may represent the type of a new genus. 
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The arrangement, however, is difficult to determine in detail in Ilyanthopsis, as the 
grouping of the mesenteries is not known, and only one specimen has been at my 
disposal, which, moreover, showed an irregular grouping of the tentacles in certain parts. 
Starting from the one directive tentacle (that where the directive line passes through 
an cesophageal groove), the arrangement seems to be the following (1, 2, 3, etc., tentacles 
of the first, second, third, etc., order; dt. =the directive tentacle) :— 

1 (dt.)-2-1—5, 4-5-4—5-8-4-3-5—4--5—4—5—1-2-1-5—4—5—4--5—4-5-1-2- 154-5 
4—-5—4—5—-1—-2-1-5—4—5—4-5—4—5-1-2-1-— (dt.)—2-1-5-4-5-4-5-4—5-1-2-1-5-4-5-4- 
5—4—5—4—5—1—2—1—5—4—5—45-4—5-1-2-1—-5—4—5—4-5-4-5-1-2. 

It is to be noted here, that among the last mesenteries of the first order, nearest to 
the last mesentery of the first order, there may be a few tentacles more. A small part 
of the edge of the body, namely, had been torn away, and it is possible that some 
tentacles, at most 4 probably, have gone with it. In this specimen, therefore, the 
number of tentacles is somewhat higher, yet not so high as 100. The group 3, 4, 3, is 
also somewhat uncertain, in so far as it cannot be determined whether it is a 1, 2,1 
group or not; in any case it seems to stand somewhat inside the other groups of the 
first and second order. But to clear up the arrangement of the tentacles definitely 
requires an investigation of more material with the developmental forms. 

The oral dise is somewhat broader than the base, with deep, radial furrows corre- 
sponding to the insertions of the mesenteries. The mouth was partly projecting, wide. 
The cesophagus is wide, long, almost half the length of the body, with a siphonoglyphe. 
WASSILIEFF states that two grooves are present, but I have not been able to find more 
than one; the other supposed to be present by WassiLierF does not differ—at least in 
the specimen examined by me, which has also been investigated by Wassi.1err—from 
the deep longitudinal furrows with which the cesophagus is also provided. Including 
the siphonoglyphe, the number of these furrows amounts to about 16. No well-marked 
prolongation of the groove downwards below the cesophagus is present. 

The anatomical structure resembles that of the Endoccelactide. ‘The ectoderm of 
the body-wall is not extensive, especially by comparison with the thick mesogloea. It 
contains very numerous spirocysts of varying size, and fairly numerous thick-walled 
nematocysts (length 34-43 mu, breadth 5 «). In transverse sections at the base of the 
ectoderm we find structures packed close together, which greatly resemble cross-sections 
of ectodermal, longitudinal muscles. In the beginning also I was inclined to take 
them as such, but a closer examination showed that this was hardly the case. In 
longitudinal sections (fig. 2, Pl. IV.) I found similar structures, which should not have 
been there if it was a question of longitudinal muscles. The muscle-like parts are, 
indeed, so far as I could determine, no other than the greatly thickened bases of 
ectoderm cells, which can also be clearly seen when the section cuts through a wall of 
the ectoderm and passes through the ectoderm cells a little way from the base. In 
these it can be seen that the ectoderm cells are fixed in the mesoglea by greatly 
thickened bases. I lay stress on this, as M‘MurricH was of the opinion that in 
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Halcurias pilatus he had found longitudinal muscles in the ectoderm of the body-wall. 
Though I have not examined this species, I consider it possible that the same condition 
prevails there as in J/yanthops1s—in other words, that the longitudinal muscles are 
no other than thickened, basal parts of the ectoderm cells. The mesogloea of the 
body-wall is very thick, and provided with extremely numerous cells with bipolar, 
irregularly prolonged ends. In the inmost part of the mesogloea there are closely 
packed fibrillar folds arranged as fig. 1, Pl. IV. shows. The sphincter I have not 
closely examined, but I think it probable, from an external investigation, that this is 
completely wanting, as WassILIEFF states. The entoderm is somewhat broader than 
the ectoderm, and thicker in the middle between the insertions of the mesenteries than 
at the sides. WassiLiEFrF has described the structure of the tentacles and emphasised 
the longitudinal muscles of the ectoderm. The ectoderm contains very numerous 
spirocysts of varying size, and also numerous thick-walled nematocysts (length about 
36 w). The longitudinal musculature of the ectoderm is comparatively weak. How 
far fine outshoots run out from the mesogleea into the ectoderm, as is stated by 
WassiLigeFF, I am unable to determine; it seems to me that these outshoots are 
nothing else but the thread-like basal parts of the ectoderm cells. The ectodermal 
nematocysts and spirocysts of the oral disc agree with those in the tentacles, but are 
not so abundant. The ganglion and nerve layer is also well developed here, as in the 
tentacles. The ectodermal radial musculature is strong, especially in the ridges, and 
the muscle folds just as high as, or higher than, the epithelial parts of the ectoderm. 
The inner parts of the muscle folds show a tendency to be mesoglceal in the ridges 
(fig. 3, Pl. IV.). The structure of the cesophagus agrees with that of the body-wall. 
The mesenteries are all complete, corresponding in number to the tentacles. 

As WaAsSsILIEFF states, the musculature is very weak, and only somewhat more 
strongly developed where the mesenteries join the body-wall (fig. 1, Pl. [V.). Here we 
can distinctly distinguish the muscles, both the longitudinal and the parieto-basilar, 
which are weak. On the very thin mesenteries there is no trace of protuberance of 
the longitudinal muscles. In longitudinal sections through the mesenteries and trans- 
verse sections through the base it looks as if the basilar muscle occurred as a weak 
fold of the musculature of the mesenteries. But specially differentiated basilar muscles 
do not seem to be developed, for the transverse layer of muscles near the base on 
the side of the mesenteries where the longitudinal muscles are, is formed by 
the latter muscles, bending almost at a right angle a little way from the base, 
thus forming what may be called pseudo-basilar muscles (fig. 7, Pl. IV.), the same 
condition as in Porponia, as I was able to determine from preparations of the 
mesentery. With regard to the arrangement of the mesenteries, it is impossible to 
determine whether all of them are equally developed. So much can be said, however, 
that in the specimen I have examined, in addition to the directive mesenteries with 
longitudinal muscles on the outer side, the other mesenteries seem to be arranged in 
pairs with the longitudinal muscles on the inner side. The Halcwrias stage, or rather 
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the Porpoma stage, which Ilyanthopsis probably passes through during development, 
is thus not apparent in the older individuals. The filaments seem to agree with those 
in Haleurias and Porponia, but were so badly preserved that I could not obtain any 
clear picture of them. In addition to spirocysts there are thick-walled nematocysts 
like those in the body-wall (length 36 »), as also numerous thick-walled capsules with 
distinct base to the spiral thread (length 31-34 wm, greatest breadth 5 u). Sexual 
organs are present on all the mesenteries. The animal is hermaphrodite. Well- 
developed testes occurred distally inside the filament region in each mesentery, while 
a few grape-like egos were found in the proximal part. 

The investigation of J/yanthopsis elegans has thus led to the result I imagined it 
would, namely, that this is nearly related to Halecwrias and Porponma. Though the 
material is too small to permit of a detailed statement of the grouping of the tentacles 
and mesenteries, there can be no doubt that they should be placed together. The 
arrangement of the tentacles shows the same characteristics as in these genera, and 
certain features of the mesenterial arrangement are the same apparently. Even the 
external appearance agrees well with that of Halcurias: spirocysts occur in the body- 
wall and cesophagus, as in the latter genus and Porpoma. Ilyanthopsis shows most 
resemblance to Halcurias, and it might be a question whether these two genera should 
not be joined as one. For the time being, however, such a grouping would not be so 
fortunate, as Ilyanthopsis has a much greater number of mesenteries than Haleura 2as . 
further, in the former all the mesenteries are perfect, while in the latter about half are 
perfect. Add to this that the longitudinal musculature of the mesenteries is strongly 
developed in Halcurias, very weak in I/yanthopsis, and it is evident that I/yanthopsis 
has its own developmental characteristics. It seems, moreover, more probable that 
Ilyanthopsis has passed through a Porpoma stage than a Halcuras stage, if the 
mesenteries are taken into consideration. If we imagine all the mesenteries in Porponia 
to be perfect, it is quite easy from them to derive the arrangement of the mesenteries 
in Ilyanthopsis. In Halcurias, on the other hand, the stronger, not-directive mesen- 
teries occur as unpaired mesenteries. How the development has proceeded we can 
only learn from the younger stages. I consider it advisable, therefore, to set up a 
new genus, Synhalcurias, for the species Ilyanthopsis elegans. The genus Ilyanthopsis 
must be abolished, as the type species of this genus, [/yanthopsis longifilis, R. Hertwig, 
is no other than Condylactis passiflora, as stated by Pax (1910); I had also come to 
this view in 1897 on examination of type specimens of the Challenger Actinie in 
London. 

We know of one more genus that might possibly be allied to Porpoma, namely, 
the genus Actinernus, founded by VeRRitt. From R. Herrwic’s description of 
Polysiphonia tuberosa (= Actinernus tuberosus M‘Murrich) and from M‘Mourricy’s 
description of A. plebeiws, however, we can hardly conclude that a close relationship 
exists between Porpoma and these forms. According to my observations on a 
specimen of Polysiphonia tuberosa from the Challenger Expedition, the arrangement 
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of the tentacles does not seem to show the displacement seen in Porponia; in fact, 
as far as I can see, the tentacles are at no places grouped in such a way that two 
tentacles of the first order border on a tentacle of the second order, even though 
certain changes in the size of the tentacles have been observed, so that accord- 
ing to R. Hertwie the exoccel-tentacles are not the smallest in size. Though 
Actinernus plebeius and A. tuberosus do not suggest any close relationship to 
Porponia, it is yet not impossible that the type specimen of the Actinernus genus 
may show greater similarities, a question I may leave unsettled at present, as I have 
not had the opportunity to examine this specimen.* 

For the present, therefore, we must be content with a comparison between 
Halcurias, Porponia, and Synhalcurias. The question is now, where we are to place 
these genera, and would it be of advantage to separate them from other forms ? 
M‘Morricu in 1901 dealt with this question with regard to the genus Halcurias. 
“There are, apparently, three courses open for the disposal of the genus. It may be 
referred to a family already existent, the definition of the family being changed, if 
necessary, to accommodate it, or it may be taken as the type of a distinct family, as 
CaRLGREN has done, or, finally, it may be separated altogether from the Hexactinize 
and regarded as the type of a separate tribe. It seems to me that this last procedure 
is quite unnecessary and would probably be entirely out of harmony with the phylo- 
genetic relationship of the genus. We have learned within recent years how extensively 
nearly allied forms may differ, and how great all the modification which the hexactinian 
type may undergo. ‘The entire facies of Halcurias is that of an hexactinian.” Iam 
entirely in agreement with the above citation from M‘Murricu, and, like this author, 
I am of opinion that it is unnecessary to set up a separate tribe for this genus and 
Porpoma, as the whole development indicates that the initial stage is a typical 
hexactinian with six pairs of mesenteries. M‘Murricu comes further to the conclusion 
that Halcurias need not be placed either in a separate family, as | had done in 1897, 
but considers it preferable to refer the genus to the family Actinide (Antheade). 
“The peculiar mode of development of the secondary and tertiary mesenteries is of 
minor importance, and I see no more reason for separating Halcurias as the type of 
a new family than I do for separating an octamerous sagartian or one with a multi- 
plicity of mouths and many siphonoglyphs from the rest of the members of that family.” 
He supports this view because “occasional endoccelous development of mesenteries 
-have been already recorded, as in Bunodes thallia, in Actinioides dixoniana and 
papuensis’—a condition already pointed out by me in 1897. 

But is this view of M‘Mourricu justifiable? So far as I can understand, this is not 
the case, as variations irregularly arisen through asexual propagation, or through 
regeneration and regulation in the symmetry of certain species—in the case of the 
phylogeny—cannot directly be compared with similar variations from the normal type 
arising during the ontogeny—a condition not hitherto taken into consideration, but 


* Compare Appendix ! 
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which I must strongly emphasise. A species, for example, that normally, through 
unequal development of mesenteries, through stopping of the growth of certain parts 
and more rapid growth of others during the ontogenic development, e.g. from being 
a 6-rayed becomes an 8- or 10-rayed type, which is constant or nearly so for the 
species, cannot in phylogenetic respects be compared with another species where the 
same stages are obtained through accidental, asexual propagation or by regeneration. 
In the first case, the 8- or 10-rayed type is constant for the species, and occurs onto- 
genetically and phylogenetically ; in the latter case, on the other hand, it is a mode of 
adaptation in a less or greater part of the individual, and is dependent on the course of 
the asexual propagation, and the greater or less reduction of the old mesenteries in the 
separated or damaged fragments, a condition which has been further dealt with in my 
studies on the regeneration and regulation stages in the Actinie, 1904, 1909. In so 
far as it has arisen ontogenetically, an 8- or 10-mesentery stage is thus of direct use for 
the phylogeny, but not in other cases. What applies to the occurrence of an 8- or 10- 
rayed type of Actiniaria also applies to the varieties that arise through the develop- 
ment of the mesenteries in the endoccels. In such cases the conditions are in full 
agreement with those found in 8- or 10-rayed forms. Porponia and Halcurias leave 
no doubt that the regular development of mesenteries in the endoccels has taken place 
ontogenetically, whereas the irregular and chance development of mesenteries in the 
endoceels in Bunodes, Actuniordes, and others stands in intimate connection with the 
regeneration or possible early dislocations of tissues during development. In Porponia 
and Haleurias the development of mesenteries in the endoccels is of importance for the 
classification, whereas the abnormal occurrence of mesenteries in the endoccels in 
Bunodes, etc., is of no use for this purpose. 

The peculiarity that mesenteries occur regularly in the endoceels during the course 
of development is thus quite specific for Porponia and Halcuras, and probably also 
for Synhalcurvas, and has not been observed in other Actiniaria. The question is still 
left open, if this peculiarity is of such great importance that it necessitates the setting 
up of a separate family. As mentioned above, M‘Murricu connects the development 
of mesenteries in the endoccels with the occurrence of an 8-rayed type, with the develop- 
ment of several mouths and several siphonoglyphs. Just as little as we separate the 
forms showing such variations from the normal Actiniaria type ought we, in his opinion, 
to separate Halcurias from allied forms on account of the development of mesenteries 
in the endoccels. That the multiplication of mouths in a genus of Actiniaria does not 
involve a separation of the genus in question from other closely related species is 
evident from the above, as this multiplication has not arisen ontogenetically, but by 
asexual propagation. ‘The same is certainly also the case with the multiplication of the 
siphonoglyphs. It is now left to take into consideration the abnormal development of 
the mesenteries. An 8- or 10-rayed type derived ontogenetically from a 6-rayed one is, 
as already known, by no means a seldom occurrence within the Actiniaria group, and 
may obviously arise within different families and genera that are in no genetic connec- 
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tion with each other. M‘Murricu is therefore quite right in saying that a genus or 
species need not be separated from other genera or species because it has been trans- 
formed into an 8- or 10-rayed type. It must be pointed out, however, that such a type 
may in certain cases be of great importance for the classification, namely, in cases where 
8 or 10 rays are observed in all species of a certain genus, as the variation in the 
symmetry can naturally be used as a good generic character. We know of no case 
where a number of the pairs of mesenteries differing from 6 has led to the setting up of 
a separate family. 

As shown above, both Porponia and Halcurias, from an assumed typical 6-paired 
mesentery stage, are transformed into one having 10 pairs of mesenteries. Where the 
transformation takes place in the ordinary manner by the belated appearance of certain 
mesenteries in certain areas and through the arising of other mesenteries in the 
exoccels,* it seems unnecessary to separate these genera, but as the 10-rayed condition 
arises in such a specific way by development of mesenteries in the endoccels, a develop- 
ment that is continued during the following cycle, I consider it absolutely necessary to 
set up a separate family for these genera, the more so as such an ontogenetic develop- 
ment of mesenteries in the endoccels has not been observed in any other Actiniaria of a 
higher type. As far as we know, no such displacement of the tentacles has been 
observed in other forms of Actiniaria than the above mentioned. I place Porpona and 
Halcurias together in one family, therefore, to which already in 1897 I gave the 
appropriate name of Endoccelactide. 


III. ReLationsHie oF THE FamiIty ENDOCHLACTIDA TO OTHER 
ACTINIARIA—ORIGIN OF THE Rucosa TYPE. 


As already mentioned in the introduction, R. Hertwic stated the possibility that 
Porponia, owing to the arrangement of the macro- and micro-mesenteries, might form a 
transitional stage between the Hexactiniaria (Actiniaria) and Zoanthidee (Zoantharia). 
This explanation of the position of Porpoma and the family Endoccelactide cannot, 
of course, be maintained, after we have ascertained the facts on which the relation- 
ship between stronger and weaker mesenteries depends. There is nothing in the 
organisation of the family Endoccelactide that might imdicate a close relation to the 
Zoanthide, as the development of the mesenteries in this family takes place in quite a 
different way from that in the latter characteristic group of Anthozoa. 

In my paper on Hndocelactis (= Halcurias) I pointed out that in Minyas there is 
a strong tendency to widen the endoccels at the expense of the exoccels, causing an 
alteration in the grouping of the mesenteries, which had some resemblance to the 
alteration in the grouping of the 10 stronger mesenteries in Hndocalactis. How this 
grouping of the mesenteries has taken place in Minyas is still unknown, but it may 
possibly have arisen in connection with the development of mesenteries in the endoccels, 


* It is also to be noted that not all 8- or 10-rayed types are homologous with each other, for the 8- or 10-rayed 
condition is not always obtained in the same way ontogenetically. 
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though this is not absolutely necessary. The arrangement of mesenteries in Minyas 
may be explained quite simply through an enlargement of the endoccls. In any case 
I consider the similarity in the Hndocelactis and Minyas arrangement as due to con- 
vergence, a view which I am now able to further confirm, as Minyas, 1.e. the species 
described by me in 1895, and a closely related species, probably M. olivacea, later 
examined by me, are stichodactyline Actiniaria, which are nearly allied to the family 
Aurelianide (the genera Aureliana and Actinoporus). 

With regard to the position of the family Endoccelactide, I pointed out in 1897 
that it must be placed fairly low in the system of Actiniaria, a view that has also been 
taken up by M‘Mourricu. This is indicated not only by the absence of the sphincter 
and the presence of spirocysts (thin-walled nematocysts) in the ectoderm of the body- 
wall and cesophagus, but also by the absence of true differentiated basilar muscles. 
Thus, the Endoccelactids must be Actiniaria, though they are not developed in the same 
way as the elongated genera provided with physa (e.g. Edwardside, Halcampide). 
From a theoretical point of view we must assume the occurrence of forms which con- 
stitute a link between the Protactinine and the Athenaria among the Actinine, ze. 
we must take for granted the occurrence of origina] Actiniaria, which by the retention 
of the original body-shape with flat base (thus without development of a physa) have 
lost the longitudinal muscles in the body-wall, but, on the other hand, have not yet 
developed true basilar muscles; in the same way as I pointed out (1900, p. 57) that 
the family Discosomide forms a link between the Protostichodactylinze and Stichodo- 
dactyline. Among the Actinine type similar conditions would then prevail with 
regard to the family Endoccelactis, if my supposition that this family has no longi- 
tudinal muscles in the body-wall proves to be correct. Should it be the case, on the 
other hand, that M‘Murricu is right in saying that such longitudinal muscles occur 
in Haleurias pilotus, the family Endoccelactide must be referred to the Protactinine. 
In this case the thickenings of the basal parts of the ectodermal cells in the body-wall 
may be considered as rudimentary epithelial muscles, a view, however, I do not hold, 
and a question that can only be answered by means of good material of maceration. 
For practical reasons it would possibly be advisable in future to combine the family 
Endoccelactidee with the Protactininz, and the Discosomide with the Protostichodac- 
tylinze, a grouping which I already, in 1900, p. 57 (77), pointed out as possible with 
regard to the Discosomide. 

In my opinion, the family Endoccelactidee must thus belong to the lowest Actinine, 
or possibly to the more differentiated Protactinine. Probably an intimate relation to 
any other Actinine family does not exist. 

Before concluding the account of the relations of the family Endoccelactidz to 
other Actiniaria, we might just point out that these variations are of importance for 
the study of the other Anthozoa. As already known, the skeleton-forming Madreporaria 
show similar variations from the usual symmetry, as the Actiniaria, as 8- and 10-rayed, 


radial or more bilateral forms are found even there. As we have seen that such a 
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peculiar symmetry as that in Endoccelactidze may also be found in the free Actiniaria, 
it seems reasonable to conclude that among the variously attached Madreporaria, with 
their varying adaptation to the under-layer, still more complicated and varying 
arrangement of the mesenteries may be found. In my opinion, the arrangement of the 
mesenteries in Endoccelactidee opens up the possibility of a more intimate connection 
between Rugosa and Madreporaria, and more readily leads to an explanation of the 
conditions of symmetry in Rugosa, like the one proposed by me in Bronn’s Klassen 
und Ordnungen, p. 150. Whilst the development of the mesenteries in the Endoce- 
lactidze gives a greater. possibility of interpreting Rugosa, it makes the question still 
more complicated, as in Rugosa there might be a development of mesenteries in the 
endoceels. Though we shall naturally never be able to reach finality with regard to 
the position of Rugosa as compared with the typical Madreporaria, but have to be satis- 
fied with a hypothetical explanation, so long as we do not know how the mesenterial 
musculature is arranged, I shall nevertheless give a picture of the way in which we 
might imagine the origin of the Rugosa type, if the mesenteries after the 6-pair stage 
have developed in the endoccels. I presuppose that the hypothetical, separating walls, 
sarcosepta, are taken as mesenteries, the skeletal dissepiments, sclerosepta, as septa. 

We start, therefore, from a stage with 6 pairs of mesenteries arranged typically, but 
with the lateral endoccels larger or at least as large as the exoccels. In each of the 6 
endoccels a septum has been formed (text-fig. 44). In the next stage the development 
of mesenteries of the second order takes place in the same way as in the Endoccelactide, 
2.é. in the lateral endoceels, 4 pairs of the second order with the longitudinal muscles 
turned outwards. Lach of these mesenteries of the second order forms a new pair with 
neighbouring mesenteries of the first order. In these new endoccels 4 septa are formed 
(text-fig. 4B). 

Owing to this arrangement of the mesenteries and their occurrence only in the 
lateral endoccels, 4 zones of development have arisen instead of the 6 found in the 
exoccels of a normal Madreporaria. These zones of development lie one in each 
quadrant of the animal. This results in an asymmetrical development of the 
mesenteries, together with an irregular growth of the walls, due to the fact that the 
animal is generally attached along the one side of the goblet, or at least has been so 
once. ‘The consequence is now that in each quadrant of the dorsal side of the animal, 
7.@. the side turned away from the siphonoglyphe, a complete suppression of the 
mesenteries of the next order takes place, while the development in the ventral part is 
continued, In the ventral endoccels 4 pairs of mesenteries arise with the same arrange- 
ment of the musculature as those of the second order. These mesenteries form new 
pairs with adjacent mesenteries of the first and second order. In the 4 new endoccels 
4 septa are formed (text-fig. 4c). The development is continued in this way with the 
next order, with suppression of the mesenteries and septa in the dorsal endoccels of the 
third order in each quadrant. At the end of the development, or at least at a late 
stage, septa develop in the exoceels (text-fig. 4D). 
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As we see, the development of the Rugosa type may be explained by a similar 
development of the mesenteries as in Halewrias or Porponia, though with the 


Fic. 4c, Fra. 4p, 


Fres. 44-D.—Scheme to illustrate the origin of Rugosa, assuming that the development of the mesenteries to begin with 
has proceeded as in the Endoccelactide. The black tongues are endoccelic septa, the shaded tongues exoccelic septa. 


difference that the development of new mesenteries is continued in the endoccels, and 
that in each quadrant a suppression of mesenteries on the dorsal side takes place in each 
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order from and with the third, a suppression which probably stands in connection with 
the animal’s mode of life. 

In this hypothetical explanation of the arrangement of the Rugosa septa, I have 
mainly intended to direct attention of palzeontologists to the fact that the Rugosa type 
may be explained in various ways; moreover, a closer examination of Rugosa has 
shown that the development is different in different genera, that some of them retain a 
bilateral and others a more radial arrangement; the development of septa in this 
group, however, requires further examination. 

The hypothesis put forward by me with regard to the origin of Rugosa seems to me 
to speak for itself. The presence of the 4 growth-zones after the development of the 
first 12 mesenteries in Rugosa may be fully explained by supposing a development of 
certain mesenteries like those in the Endoccelactide. The enlargement of the 4 
primary lateral endoccels has led to developmental zones for the new mesenteries being 
removed to these areas instead of to the 6 primary exoccels. The origin of a 4 (8)- 
rayed type in certain Rugosa may be explained in this way. In any ease, I consider 
the above explanation as good as, if not better than, that put forward by DurRpEn, to 
the effect that Rugosa must stand in a certain relation to the Zoantharia (Zoanthide). 
In consequence of this view, he also considers the latter group as very old, a view, 
however, I have some difficulty in accepting, as the Zoanthide are obviously rich in 
species, and presumably form a group which is still in process of differentiation. See 
also my work in Bronn. 

Finally, it seems convenient further to characterise the family Endoccelactidee with 
the genera Halcurias, Porponia, and Synhalcurvas. 


Family Endocelactide. 


Athenaria (Protactinine?) with thick, sometimes cartilaginous body-wall, without 
sphincter and fossa, with spirocysts in the ectoderm of the body-wall and cesophagus. 
Arrangement of the mesenteries quite different from that of the normal Actiniaria type, 
owing to the development of the second and third order of mesenteries in the endoccels. 
In consequence, the arrangement of the tentacles very different from the normal type 
(among others, 10 tentacles of the first order immediately border on those of the second 
order). Sexual organs present on all the stronger mesenteries from and with those of 
the first order, including directive mesenteries. 


Genus Haleurias M‘Murrich = Endocelactis Carleren. 


Endoccelactidee with ca. 68 mesenteries, 36 of which are perfect. Four cycles of 
mesenteries. The mesenteries of the fourth order regularly arranged on each side of 
those of the third order, the mesenteries of the same pair equally developed. The 
perfect mesenteries arranged as follows: 20 (6+4 pairs)+16 (8 pairs), of which the 
first 20 strong, extending over the whole length of the body ; the others only developed 
in the distal part, and weak. The body cylindrical, The tentacles not bridge-like 
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thickened on the outer side. On the first 20 mesenteries the pennons of the longi- 
tudinal muscles well developed. One cesophageal groove. 


H. pilatus M‘Murrich. 
H. carlgren * M‘Murrich (Hndocelactis sp. Carlg.). 


Genus Porpoma R. Hertwig. 


Endoccelactide with (54? to) ca. 68 mesenteries, of which 44 perfect. Five cycles 
of mesenteries. The mesenteries of the fourth and fifth order are regularly arranged, 
but show unequal development, so that the mesenteries of the fourth order on the one 
side of the mesenteries of the third order consist of a perfect and an imperfect 
mesentery, on the other side only of an imperfect mesentery; but the mesenteries 
of the fifth order are not paired, and only developed between the mesenteries of the 
first order and the perfect mesenteries of the fourth order (as in Actinostola). The 
arrangement of the perfect mesenteries is 20 (6+4 pairs) +16 (8 pairs) +8 (these 
form pairs with imperfect mesenteries). ‘lhe body goblet-like, sometimes cylindrical. 
The tentacles on the outer side bridge-like and greatly thickened. The pennons of the 
longitudinal musculature on the mesenteries hardly indicated. Two cesophageal grooves. 


P. elongata R. Hertwig. 
P. robusta R. Hertwig. 


P. antarctica Carlgren. 


Genus Synhalcurvas Carlgren. 


Endoccelactide with considerably more than 68 mesenteries (ca. 100), all of which 
are perfect, arranged in pairs, and frequently agreeing in the size and distribution of 
the sexual organs. The irregular arrangement of the mesenteries probably due to the 
development of the mesenteries of the second and third order in the endocels. Origin 
of the mesenteries of the fourth order and the following (?). The body cylindrical. The 
tentacles are not thickened on the outer side. The longitudinal muscles of the mesen- 
teries weak, not forming pennons, and almost equally developed on all mesenteries. 
One cesophageal groove (2 ?). 


S. elegans (Wassilieff). 


In a coming work I intend to give a description of the other Actiniaria, ca. 20 in 
number, which have been collected by the Scotua Expedition. 


* As further characterisation of this species, I may give the following information about the nematocysts :— 
Spirocysts occur in quantities, especiaily in the tentacles, but are also common in the body-wall, the ectoderm of the 
cesophagus and in the filaments. They are of greatly varying sizes, generally as large as the corresponding thick- 
walled nematocyst capsules ; but smaller as well as still larger ones occur, the latter especially in the tentacles, where 
they reach a length of up to 43 uw, breadth 7 u. In the body-wall the thick-walled nematocysts reach a length of 
22-26 », in the tentacles 26-34 yu, and in the filament and cesophagus ca. 26-29 u, In the latter places are also found 
nematocysts with distinct basal part to the spiral thread, of almost the same length as the preceding, but broader at 
the basalend. The thick-walled nematocysts are most numerous in the tentacles, 
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APPENDIX. 


Now that I have had occasion to examine two highly retracted and badly preserved 
specimens of the type of Actinernus, A. nobilis Verr. (place of discovery 43° 18’ N., 
60° 24’ W., Gloucester Fisheries, 1879, U.S. Fish. Com.), as far as I can see from the 
bad material, the tentacles of the first and second order are arranged as in Porponia. 
There are also spirocysts in the ectoderm of the body-wall. Therefore I think that 
Actinernus nobilis (but not Polysiphonia tuberosa, and probably not A. plebevus—l 
have not seen this latter species) must be placed in the Endoccelactida. Whether 
Porponia and Actinernus are synonyms | cannot say for the present, but it is not 
impossible. 


February 4, 1914. 
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EXPLANATION OF PLATE IV. 


bac., thickenings of the basal part of the ectoderm cells? 
cm., circular muscles. 

Bie ciliated tract of the filament. 

dp., directive plane. 


e., ectoderm, 
en., entoderm. 
lm., longitudinal muscles, 
mM. mesogloea, 


mf.,  fibrillous folds of the mesoglea, 
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mp., muscles’ pennon. 

nd.,  enido-glandular tract of the filament. 
pbm., parieto-basilar muscles. 

pm., parietal part of the longitudinal muscles. 
psb., pseudo-basilar muscles. 

rm., radiated muscles of the disc. 

sp., _ spirocysts, 

t., tentacles. 


Figs. 1-4, Synhalcurias elegans ; 5-9, Porponia antarctica; 10. Halceurias carlgrent. 


Fig. 1. Transverse section through the body-wall with a part of two mesenteries. %.* 


Fig. 2. Vertical section through the body-wall. Only a part of the mesogloea is designed. 4 with out- 
drawn tube. 


Fig. 3. Transverse section of the mesogloea and muscles of the disc. 2. 


Fig. 4. The basal part of a mesenterium with the longitudinal muscles and the pseudo-basilar muscles. 
Schematic. 

Fig. 5. Cross-section through one tentacle above the middle. 4. 

Fig. 6. Cross-section through the same on the basis 2. 


Fig. 7. Cross-section through a not-directive mesenterium. The same section as in fig. 8. The whole 
breadth of the mesogloea is not drawn. 2: 

Fig. 8. Cross-section through a part of a directive mesenterium and the body-wall in the region of the 
aboral end of the stomatodeum, 4. 
Fig. 9, Transverse section of the ciliated tract region of the filament. 4. 

Fig. 10. Section through the upper part of the body to show the arrangement of the mesenteries. Twice 
magnified. 


* Magnifications refer to Retcuert’s system, ‘“ Austria.” Figures drawn in the level of the micro- 
scope’s foot, 


— 
¢ 
* 
a 


Trans. Roy. Soc. Edin* 


Vol, Pram ly, 
CARLGREN: ‘ScortaA” GENUS PORPONTA 


; 


jae chan eee 


Oskar Carlgren, del. 


M‘Farlane & Erskine, Lith., Edin. 


ners") 


V.—On the Fossil Flora of the Staffordshire Coal Fields. By R. Kidston, 
LL.D., E.R.S. 


(Read November 17, 1913. MS. received November 24, 1913. Issued separately March 12, 1914,) 


[Plates V.-XVI.] 


PART III. 


THE FOSSIL FLORA OF THE WESTPHALIAN SERIES OF THE 
SOUTH STAFFORDSHIRE COAL FIELD. 


INTRODUCTION. 


The first of this series of papers, that on the “ Fossil Plants collected during the 
sinking of the shaft of the Hamstead Colliery, Great Barr, near Birmingham,” was 
published in 1888,* and the second, dealing with the ‘‘ Fossil Flora of the Coal Field 
of the Potteries,” in 1891. : 

Since that date the North Staffordshire Coal Field has been re-surveyed by members 
of the Geological Survey,{ and the result of this re-examination of the geology of the 
Potteries Coal Field was the classification of the strata into several well-defined 
groups. These groups are given in the following table, and opposite them, in the 
third column, the terms employed in my paper on the ‘Fossil Flora of the Potteries 
Coal Field” :— 


_ Earlier Divisions used in Paper 
Thickness. Potteries Coal Field. on “ Fossil Flora of the Coal 
Field of the Potteries.” 
Over 700 feet. Keele Group. 
300-350 __,, Newcastle-under-Lyme Group. Upper Coal Measures. 
800-1100 ,, Ktruria Marl Group. 
Middle Coal Measures (from 
OS a ae ae é | Brassey Mine Ironstone to 
iddle Coal Measures. Ash Coal). 
Lower Coal Measures and Lower Coal Measures (from 
Millstone Grit. below Ash Coal to top of 
Millstone Grit). 


Subsequent investigations of the fossil plants of the rocks which | there classified 
as Upper Coal Measures showed me that they must be removed from that series—with 
the exception of the Keele Group, which I think is best regarded as the base of the 


* Trans. Roy. Soc, Hdin., vol. xxxv. p. 317. + Trans. Roy. Soc. Edin., vol. xxxvi. p. 63. 

{ Memoirs of the Geological Survey, England and Wales: The Geology of the North Staffordshire Coal Fields, by 
Watcor Gipson, B.Sc., F.G.S., with contributions by G. Barrow, F.G.S., and C. B. Wepp, B.A., F.G.S. And 
a Paleontological Account, with list of Fossils, by Joan WARD, F.G.S., 1905. 
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Upper Coal Measures—and be treated as a distinct passage series, and for them | 
proposed the name of T'ransition Serves.* 

The term ‘“ Transition Series” was, however, rather indefinite, and also had been 
previously used for rocks of Lower Carboniferous age in Germany, though now seldom 
or never applied to them in recent works. As my work proceeded, I found that this 
“Transition Series” occupied a much more important place in British Upper Car- 
boniferous Rocks than I originally suspected; so, to prevent any confusion by the 
use of the term “ Transition Series,” the term Staffordian Series was adopted for the 
inclusion of the Neweastle-under-Lyme, Etruria Marl Group, and the Black Band 
Group as this series is perhaps better developed in that county than in any other 
district of Britain. The Keele Group, being regarded as the base of the Upper Coal 
Measures, is excluded from the Staffordian Series and placed in the group to which 
the name of Radstockian Series was given.t That the Radstockian Series is part of 
the Upper Coal Measures or Stephanian of the Continent is proved by the fossil 
flora of the Radstock Series, which has given origin to the term. 

It is not my intention to enter here largely into the geology of the Staffordshire 
Coal Fields ; but, owing to the period which has elapsed since Parts I. and II. of those 
papers dealing with their fossil flora were published, it has been necessary to give 
a short account of the change of classification which it has been deemed advisable to 
make, and to show the relationship of the older to the newer terms now in use. 

When writing the first paper of the series, that on the ‘“ Fossil Plants found in the 
Hamstead Boring,” the following divisions were employed :— 

Upper Coal Measures. ; . From the surface to a depth of 1353 feet. 

Middle Coal Measures . : . The remaining portion of section from 
which I saw fossils, down to Heathen 
Coal at depth of 1893 feet. 

To these divisions I must shortly refer. In a discussion on Dr Watcor Grpson’s 
paper on “‘A Boring for Coal at Claverley, near Bridgenorth, and its bearing on the 
extension westwards of the South Staffordshire Coal Field,” read before the South - 
Staffordshire and Warwickshire Institute of Mining Engineers, at the general meeting 
at Birmingham, February 17, 1913,{ Mr F. G. Mxacuem stated in regard to this 
section that he had asked the late Mr C. E. pz Rance some twenty-five years ago to 
mark where he thought the ‘‘Red Coal Measures” ended, and he drew the line at 
600 feet from the surface, thus cutting off as Permian 600 feet I had referred to the 
Upper Coal Measures. As a matter of fact, no plants that could be identified were 
found till a depth of 729 feet was reached, and the upper portion of the section may be 
referable to the Permian ; but Mr Mracuem does not state on what evidence Mr pz Rance 
came to this conclusion. When I examined the plants from this section, now twenty-five 
years ago, we were only beginning to feel our way in the classification of these rocks. 


* Proc, Roy. Phys. Soc. Hdin., vol. xii. p. 228, 1894. 
+ Quart. Journ, Geol. Soc., vol. 1xi., 1905, pp. 308-321. 
| Trans. of the Institute of Mining Engineers, vol. xlv. part 1. pp. 30-48, 1913. 
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Turning now to the South Staffordshire Coal Field, the following table shows the 
formations represented in that area :—* 


Upper Carboniferous : 
Radstockian Series— 


Keele Beds . P 5 ; ; 5 . 800 feet or more. 
Staffordian Series— 

Newcastle Beds : ; ; : ; . 500 feet. 

Ktruria Marls : : ; : . 600 to 1000 feet. 

Black Band Group . : , ‘ . Absent. 
Westphalian Series (4/iddle Coal Measures) . : . 500 to 2000 feet. 


Lanarkian Series (Lower Coal Measures and Millstone Grit) . Absent. 


Lower Carboniferous Absent. 
Devonian t+. . Present. 
Present. 


Silurian : : : ; : A 

With the plants of the Radstockian Series and Staffordian Series in South 
Staffordshire I do not treat here. At present these rocks are being examined by 
members of the Geological Survey, so it is unnecessary for me to refer to them further 
than to point out (which has already been done in the above table) their relationships 
to the underlying Westphalian Series, with the fossil plants of which the present 
memoir only deals. 

The exposed Coal Measures of South Staffordshire form a tract extending from 
the Clee Hills in the south to Brereton in the north, and from Wolverhampton in the 
west to Walsall in the east, a distance of 21 miles from south to north and about 7 from 
east to west; but within the last forty years the coal field has been proved to extend 
eastward under the newer rocks, and the Thick coal is now worked at Sandwell and 
Great Barr near Birmingham, and in the last ten years the extension of the coal field 
westwards has been proved at Baggeridge Colliery, Himley. 

With the object of showing the distribution of the fossil plants in the Westphalian 
Series of the South Staffordshire Coal Field, and the relationship of the beds to each 
other from which the plants were derived, a table of the chief strata and coal seams, 
which is taken from the late Mr J. Beere Juxes’ memoir on The South Staffordshire 
Coal Freld, is inserted here :— { 


General Section of the Central and Southern Part of the Coal Field. 


la. The Halesowen 


Sandstone Group. 
1.§ Beds above the Upper Sulphur coal EMME | Csalenen . 600 to 800 feet. 


Measure Clays. 


* Gipson, Geol. of Coal and Coal Mining, Arnold’s Geological Series, 1908, pp. 180-184. Vernon, Quart. 
Journ. Geol, Soc., vol. Ixviii., 1912, p. 613. Kay, Quart. Journ. Geol. Soc., vol. lxix. p. 433, 1913. 

+ W. WickHam Kine, “The Uppermost Silurian and Old Red Sandstone of South Staffordshire,” Geol. Mag., 
dec. v., vol. ix. pp. 437-443, 484-491, 1912. 

£ Memoir of the Geological Survey of Great Britain and of the Museum of Practical Geology: The South 
Staffordshire Coal Field, by J. BeerE JuxEs, M.A. Camb., F.R.S., etc., 2nd ed., 1859, p. 20. 

§ These rocks are now included in the Staffordian Series, and include the Keele Group, the Newcastle-under- 
Lyme Group, and the Etruria Marls. 
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Upper SULPHUR COAL 
Intermediate measures 
Lirrnz, or Two-FoorT COAL . 


. Intermediate measures 


(I.) Broocn coat . A 
(I. 1) Brooch binds, perciere measures 


. Herrine coat (not known north of Dudley) 

. (I. 2) Pins and Pennyearth ironstone measures 

. Intermediate measures containing the sandstone known as “Thick ia ee 

. (1. 3) Broad earth, Catch earth, and Batt, containing the Ten-foot, and Badketone 


ironstones in the Pensnett district 


;  (II.) Roors coax, or Tor FLOoR 
(III.) Tor stirrer, or Spires, or SPIN COAL. 
These two form the Flying reed when separated from coals below 
(IV.) Jays, or WHITE coaL 
(V.) Lames, or Fioors, or Fink FLoors coat. 
These two are often either mentioned together under the name of 
‘“‘ White coal,” or else the lower one is absent 
(VI.) Tow (tough), or HzatH coaL 
(VII.) BencuEs coat (this bed is but rarely mentioned) 
(VIII.) Brassixs, or Corns coaL 
(IX.) Foor coat, or Borrom Supper, or FINE coaL 
(X.) JoHN coAL, or Siips, or VEINS COAL 
(XI.) Sronz, or Lone coau 
(XII.) ParcHELLs coaL (sometimes absent or not mentioned) 
(XIII) Sawyer, or SPRINGS COAL 
(XIV.) SurpPER coaL 
(XV.) Borrom Brncuss, or Omrray (Humrray), or Rep, or Kin (Kick?), or 


\ HOLERS COAL 
. (I. 4) Pouncill batt, Blactery and Whitery, containing the Grains onion and 


sometimes the Whitery ironstone 


. (I. 5) Gubbin ironstone measures, sometimes called the Little, or Top, or Thick 


coal gubbin, sometimes the Black ironstone 


. Table batt and intermediate measures 

. (XVI) Heatuen coan 

. Intermediate measures (sometimes Span) 

. (XVIL) Rossiz, or Lower HEATHEN coaL, sometimes, han in measures above l 


are wanting, forming the bottom part of the Heathen coal, sometimes 
itself wanting, when the measures above and below seem to be both | 
present 


. (I. 6) Intermediate measures containing, at Bentley, the ironstones known as the } 


Lambstone and Brownstone 


. (I. 7) New Mine, or White ironstone : 
. (I. 8) Measures containing the Pennystone chan soe) celled Bike jem estate a 


Cakes 
(XIX.) SunpHur or STINKING coAL 


. Intermediate measures 

. (XX.) New Mine coan 

. (I. 9) Measures containing ieee Balls i: ironstone oceans 
. (XXI.) Fireciay coat (and partings) 

. Intermediate measures 

. (I. 10) Getting Rock ironstone (cccntounily) 

. (I. 11) Poor Robin ironstone measures 


about 1 foot. 
140 feet. 
2 feet. 


from 2 to 48 feet. 


about 4 feet. 
from 7 to 20 feet. 
about 1 foot. 


from 7 to 30 feet. 
38 to 157 feet. 


6 to 14 feet. 


about 30 feet. 


from 2 to 8 feet. 


” 


2to 8 
2 to 28 


about 3 feet. 


2to 4 


” 


” 


from 0 to 43 feet. 


” 


10 to 33 feet. 


2 to 10 
10 to 25 


2to 9 
3 to 99 
2 to 11 
2 to 40 
1 to 14 
2 to 10 
4to 5 
3 to 5 


” 


FOSSIL FLORA OF THE STAFFORDSHIRE COAL FIELDS. VE 


30. Intermediate measures, sometimes wanting ; ; ‘ . from 0 to 19 feet. 
31. (I. 12) Rough Hills White ironstone (Gocasionally) : : , , ay ato Oo 
32. (XXII.) Borrom coau : : : : ; : : ; Brito) IA = 5. 
33. Intermediate measures : Oto a0) = 4. 
34, (I. 13) Gubbin and Balls sreHotaue. ee called the Cot or Bottom Capi 55 BOI) 
35. Intermediate measures ‘ : , : : oo lites WOO) 
36. (XXIII.) Siveine, or Mary Cone COAL (cceastonally) : 5 5 : ay to. Ae 
37. Intermediate measures : ; : : é ; : : eORtOROON a 
38. (I. 14) Blue Flats ironstone : : : 3 A : tea bos O) 5 
39. Intermediate measures 2 ; : é : : y LOto4 |, 
40. (I. 15) Silver Threads ironstone . : ; ; : . Fan Oe la 
41. Intermediate measures ? , , ; : ; % Saxolby oy 
42. (I. 16) Diamonds ironstone : ; Be 20 Gone: 
43. Lowest measures,- maximum thickness io feet the Pistonds santene . about 50 feet. 


It must be mentioned, as pointed out by its compiler, that the whole section does 
not occur in any one point of the coal field, some parts of the section being absent 
in one area and present in another, and at no one point are all these beds to be found. 
The total estimated thickness of the Westphalian Series in the northern division 
of the South Staffordshire Coal Field is about 2000 feet, and in the southern portion 
between 500 and 600 feet.* This is brought about by the splitting up of the 
Thick coal, which attains a thickness of 30 feet in the southern area, into eight or nine 
seams, which, as traced into the northern division, become more and more separated 
by an increasing thickness of the intermediate measures. 

The whole extent of the coal field as at present known is about 149 square miles. 

Very little has been published on the fossil plants of the Westphalian Series of 
South Staffordshire, the only notes known to me being that by Hooxsr in his paper, 
“On the Vegetation of the Carboniferous Period, as compared with that of the Present 
Day”; { a short paper by Mr B. Smrru, § in which he figures a Lepidodendron stem which 
may possibly be the Lepidodendron distans Lesqx. ; and a ‘“ Note on the Occurrence of 
Whattleseya elegans Newb. in Britain,” by Mr H. Hamspaw Tuomas. || In addition 
to these are the three papers by myself: that on the fossil plants collected during the 
sinking of the shaft of the Hamstead Colliery, Great Barr, near Birmingham, to which 
reference has already been made; the description of the fructification of Newropteris 
heterophylla Brongt.;1 and the description of the microsporangia of Sphenopteris 
Honinghausi Brongt.** 

From the northern portion of the coal field the plant records have not been so 
fully worked out as in the southern area. 

Since beginning the study of the fossil plants of the South Staffordshire Coal 


* Gipson, The Geology of Coal and Coal Mining, Arnold’s Geological Series, 1908, p. 184. 
t Gipson, loc. cit., p. 149. 

£ Mem. Geol. Survey of Great Britain, vol. ii. part ii. p. 387, 1848. 

§ Geological Mag., dec. v., vol. ii. p. 208, 1905. 

|| Palaeobotanische Zeitschrift, vol. i. part i., Nov. 1912, p. 46; text-figs. 1, 2. 

“| Trans. Roy. Soc, London, series B, vol. cxcvii. pp. 1-5, pl., 1904. 

** Trans. Roy. Soc. London, series B, vol. excviii. pp. 413-445, pls. xxv.—xxviil., 1906. 
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Field, thirty years ago, some to whom I am much indebted for kind help have passed 
away ; and I would specially wish to acknowledge the assistance I received from the 
late Messrs Henry Jounson, sen., F.G.8., Henry Jounson, jun., and CHarues Bratg, 
all of Dudley ; and from Mr Joun Warp, F.G.S8., of Longton. 

To Sir Cuartes Hotcrort, now of Kingswinford; Mr D. Ropcrrs; Mr Henry 
Instey, Great Barr; Mr W. J. Davis, Bilston; Mr T. G. Latnam, Dudley ; 
Mr W. Mapetey, Dudley; Mr W. Eeernron, Sedgley ; Dr Wuxrrtron Hinp, F.G.S., 
and Mr J. T. Sroszs, F.G.8., both of Stoke-upon-Trent, my thanks are also due for 
much help; but above all am I indebted to Mr H. W. Hucuns, F.G.8., Dudley, who 
during the whole of the long period in which I have studied the fossil plants of the 
South Staffordshire Coal Field has availed himself of every opportunity for collecting 
them, and through whose labours I am able to record here many of the species 
included in this memoir. To him also we are indebted for the discovery of the seed of 
Neuropteris heterophylla Brongt., and the microsporangia of Sphenopteris (Crossotheca) 
Honinghausi Bronet. 


LIST OF SPECIES. 
FERNS AND FERN-LIKE PLANTS. 


Sphenopteris Brongniart. 


Sphenopteris obtusiloba Brongt. 


1829. Sphenopteris obtustloba, Brongt., Hist. d. végét. foss., p. 204, pl. lili. fig, 2. 
1886. " bs Zeiller, Flore foss. bassin howil. d. Valen., p. 65, pl. i. figs. 1-4; pl. iv. 
fg spl yweties, lee. ; 

WSL 5 Kidston, Mém. Musée roy. Whist. nat. de Belgique, vol. iv. p. 9. 

1833. Sphenopteris irregularis, Sternb., Essai flore monde prim., vol. ii., fasc. v., vi., p. 63, pl. xvii. 
fig. 4. 

1885. Diplothmema Schumanni, Stur, Die Farne: Carbon-Flora d. Schatz. Schichten, p. 352, pl. lxv. 
fig. 2. 

1885. Diplothmema Schlotheimit, Stur (non Brongt.), zbid., p. 336, pl. xxv. fig. 4. 

1912. Sphenopteris Schumanni, Gothan, Verhandl. d. naturhist. Vereins d. preuss. Rheinl. u. West- 
phalens, 69. Jahrg., p. 240, pl. iii. figs, 1, 2. 


Remarks.—Some difference of opinion exists amongst botanists as to the specific 
position of Diplothmema Schumanni Stur; some regard it as a distinct species, and 
others as synonymous with Sphenopteris obtusiloba Brongt., and this latter view is 
that accepted here. 

Dr Gornan has recently figured specimens of Sphenopteris Schumann Stur,* 
and in a tabular form points out what he regards as the characters which separate it 
from Sphenopteris obtusilobau Brongt. He also gives a column showing wherein 
Sphenopteris trifoliolata Artis differs from these two species; but the plant he has 


* Loc. ct. 
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accepted as Sphenopteris trifoliolata is not the Sphenopteris trifoliolata of Artis, but, 
I believe, only a form of Sphenopteris obtusiloba Brongt. The true Sphenopteris 
trifoliolata Artis does not seem to have been found outside of England. 

That portion of his table which refers to the plants under discussion is given here :— 


Sphenopteris Schumann. Sphenopteris obtusiloba. 

Pinnules convex, round. Pinnules flat, round. 

Pinnule upper surface smooth. Pinnule upper surface covered with close 
radiating striations. 

Nervation standing out in prominent relief. Nervation scarcely visible, generally obscured 
by the radiating striations. 

Rachis with broad furrow. Rachis flat without furrow. 

Rachis smooth. Rachis with numerous transverse bars. 


With the object of studying this question, through the kind offices of Dr Goruan 
I received from Dr A. Franks, Dortmund, examples of Sphenopteris Schumann from 
Zeche Gluckauf Tiefbau, near Dortmund, the same locality as that from which the 
specimens figured by Dr Goran in his pl. ili. figs. 1, 2 were derived. I am also 
indebted to Dr Bryscutac, Director of the Konigliche Geologische Landesanstalt, 
Vienna, for kindly sending me for examination a specimen of Sphenopteris Schumanna 
from the collection under his charge. I cannot therefore be mistaken as to the plant 
identified by Stur and Goruan as Sphenopteris Schumann, and in fact my own 
collection, under the name of Sphenopteris obtusiloba Brongt., contains specimens that 
would be named Sphenopteris Schumanni by those who uphold this asa species. I find 
myself, however, unable to regard Sphenopteris Schumanni as specifically distinct, for 
among the specimens I have examined I find that the supposed distinctive characters are 
not constant, and are apparently due in part to causes attending their fossilisation. 

If one now considers these supposed specific differences, first, as to the pinnules 
being convex in Sphenopteris Schumanni and flat in Sphenopteris obtusiloba, it will be 
found, | think, that this depends entirely on the amount of pressure to which the 
fossils have been subjected. On the specimen of Sphenopteris Schumanni from Ruhen 
Grube near Neurode, 7 Flotz, kindly lent me by Dr BryscHuac for examination, at one 
side of the slab a few of the pinnules are more or less convex, while on the other side some 
of the pinnules are quite flat and the rachis is perfectly smooth without any trace of the 
“broad furrow,” this condition of the specimen being evidently the result of pressure. 

On the example of Sphenopteris obtusiloba figured in the Trans. Roy. Soc. Edin., 
vol. xxxvii. pl. i. fig. 1,* the pinnules are flat and the nervation well shown on account 
of the striated epidermal surface having been removed from all the pinnules except 
at one or two points. The rachis here is also smooth and shows no trace of the trans- 
verse bands which are one of the distinctive characters of Sphenopteris obtusiloba. The 
surface striation of the pinnules is caused by the arrangement of the epidermal cells. 

It is seen, then, that the characters said to be available for the separation of 
Sphenopteris Schumann Stur from Sphenopteris obtusilobu Brongt. are most 

* “On the Fossil Plants of the Kilmarnock, Galston, and Kilwinning Coal Field,” p. 307, pls. i—iv. 
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inconstant in both “‘species,” and even at the best they seem to be the result of 
secondary causes, and not dependent on original structural differences. 
Sphenopteris Schumann is therefore here united with Sphenopteris obtustloba 
Brongt. 
Horizons and Localities. — 
Roof of Brooch Coal: Himley and Tividale. 
Ten-foot Ironstone Measures: Clayscroft Open Work, Coseley, near Dudley. 
Roof of Thick Coal: Bradley Colliery, Bilston. . 
Roof of New Mine Coal: Doulton’s Clay Pit, Netherton; Mount Pleasant, 
Brierley Hill. 
Roof of Bottom Coal: Coseley. 


Sphenopteris dilatata L. & H. 
Pl VY. fies, 1 and a. 


1832. Sphenopteris dilatata, L. & H., Fossil Flora, vol. i. pl. xlvii.* 
1861. Sphenopteris Honinghausi, Salter (non Brongt.), Mem. Geol. Surv. of Great Britain: Iron Ores of 
Great Britain, part ii.; Iron Ores of South Wales, p. 232, fig. 2. 

Remarks.—It is extremely difficult, probably impossible, to ascertain the true 
characters of Sphenopteris dilatata as figured and described by LinpLEy and Hurron. 
The type appears to be lost, and, notwithstanding what is stated in the description 
in regard to the nervation, there seems to be no doubt the plant is a typical 
Sphenopteris, and the enlargement which accompanies their figure bears out this view. 
According to the enlarged figure, the nervation is very close, but I strongly suspect 
that the artist is responsible for this, for unfortunately, when one is enabled to 
compare the figures of the Fossil Flora with the types, the former are often found 
to be most inaccurate ; hence I am not inclined to place too much dependence on the 
accuracy of this figure. 

On Plate V. at fig. 1 is given a small specimen of the plant I believe to be the 
Sphenopteris dilatata L. & H. It agrees well with the general character of the plant. 
The pinnules are very convex and their distal margin is suddenly bent down, which 
gives them a much more truncate appearance than they really possess. This is shown 
somewhat in the enlargement given by LinpLEy and Hurron. If the pinnules were 
spread out, their form would be, I believe, that of Sphenopteris obtusiloba Brongt. 
They have very wide foot-stalks, into which only one vein appears to enter from the 
rachis, but perhaps they are not wider than seen on the pinnules of the uppermost 
pinne of Sphenopteris obtusiloba. Several different localities have yielded specimens 
of the plant I refer to Sphenopteris dilatata, but they are all upper portions of the 
frond or of the large primary pinne, and I am now inclined to think that the species 


* The Sphenopteris dilatata Lesquereux in Owen, 2nd Rept. Geol. Reconnoissance of Arkansas, p. 310, pl. iii. fig. 3, 
1860, is not LinpLuy and Hurron’s species of that name. 
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is founded on an incompletely developed condition of Sphenopteris obtusiloba, though 
one hesitates to affirm that this is the true interpretation of the species. 

I originally referred Sphenopteris dilatata to Sphenopteris trifoliolata Artis, sp., 
but in this I now feel certain I was in error.* 

The fossil figured as Sphenopteris Héoninghaust by Satter t should, I think, be 
referred to Sphenopteris dilatata, whatever position may be eventually assigned to 
that plant. 

My thanks are due to Dr A. SmirH Woopwarp, F.R.S., for permission to figure 
the specimen shown on the Plate, which is preserved in the Geological Department 
of the British Museum, No. V., 1377. 

Horizon and -Locality.—Ten-foot Ironstone Measures (= Roof of Thick Coal) : 
Coseley, near Dudley. 


Sphenopteris trifoliolata Artis, sp. : 


1825. Filicites trifoliolatus, Artis, Antedil. Phyt., p. 11, pl. xi. 

1828. Sphenopteris trifoliolata, Brongt., Prodrome, p. 50. 

1836. Chetlanthites trifoliolatus, Gopp., Sys. fil. foss., p. 245. (Refs. in part.) 

1911. EHusphenia trifoliolata, Anon., Catal. Coll. foss. conservés au Mus. houil. de Lille, p. 26. 


Remarks.—Up to the present, this species does not appear to have been found 
outside of England; for though several Continental botanists have figured a 
Sphenopteris under the name of Sphenopteris trifoliolata Artis, sp., none of the 
figures they give are referable to Arris’s plant. { 

Horizons and Localities.— 

Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr H. Instey. 
Roof of Brooch Coal: “ Neighbourhood of Dudley” (? Himley). 


Sphenopteris Sauveuri Crépin. 


1880. Sphenopteris Sauveurt, Crépin, Soc. roy. bot. de Belgique, vol. xix. part il. p. 17. 

1886. . 5 Zeiller, Flore foss. bassin howil. d. Valen., p. 79, pl. ix. fig. 6. 

1903. PF Potonié, Abbild. u. Beschreib. Pflanzen-Reste, Lief. i. No. 4, figs. 1-3. 

1829. Sphenopteris Schlotheimii, Brongt. (non Sternb.), Hist. d. véyét. foss., vol. i. p. 193, pl. li. (Heel. 
syn.; fig. imperfectly drawn.) 

1848. Sphenopteris elegans, Sauveur (non Brongt.), Véyét. foss. de la Belgique, pl. xviii. fig. 3. 

1885. Diplothmema Schlotheimii, Stur, Die Farne d. Schatz. Schichten, p. 336, pl. xx. figs. 1, 2 (non 
pl. xxv. fig. 4). 

1866. Sphenopteris obtusiloba, Andrae (non Brongt.), Vorwelt. Pflanzen, p. 32, pl. x. figs. 1-4, (Hzel. 
refs.) 

1885. Diplothmema Richthofeni, Stur (pars), ibid., p. 343, pl. xxv. figs. 6-7. 


Note.—Sphenopteris Sawvewri is rare in Britain. 


* Catal. Paleoz. Plants, p. 72, 1886. + Loc. cit. 
{ The specimens usually referred to Sphenopteris trifoliolata are, I believe, forms of Sphenopteris obtusiloba. For 
references see Krpston, Mém. Musée roy. d’hist. nat. de Belgique, vol. iv. p. 10, 1911. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 11 
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Horizons and Localities.— 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr H. Instey. 
? Roof of Thick Coal: Tipton. Specimen in the Collection of the Geological 
Department, British Museum, No. 52,543. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley. 


Sphenopteris Laurenti Andrae. 


1869. Sphenopteris Laurenti, Andrvae, Vorwelt. Pflanzen, p. 39, pl. xiii. figs. 1-3. 

1886. “ re Zeiller, Flore foss. bassin houil. d. Valen., p. 85, pl. vi. fig. 3, pl. ix. fig. 4. 
1883. Hapalopteris Laurenti, Stur, Morph. u. Syst. d. Culm- u. Carbon-Farne, p. 32. 

1869. Sphenopteris stipulata, Andrae (non Gutbier), zbid., p. 40, pl. xiii. fig. 4. 

Horizon and Locality.—Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, 


near Dudley. 


Sphenopteris Schillingsi Andrae. 
Pl. I. figs. 2 and 2a. 


1866. Sphenopteris Schillingsii, Andrae, Vorwelt. Pflanzen, p. 22, pl. vii. figs. 1, la, 10. 

1899. 5 3 Zeiller, Etude sur la flore fossile du bassin d’Héraclée, p. 5. 

Description.— Frond tripinnate, rachis slender. Primary pinne ascending, 
alternate, subtriangular, obtuse; secondary pinnee ascending, touching each other 
laterally or slightly distant, alternate ; the lower narrow-deltoid, obtuse, and bearing 
two to three pairs of pinnules. 

Pinnules ascending, slightly decurrent, sometimes inequilateral, alternate or 
opposite, ovate-rotund, with two to three blunt lobes and obtuse apices, the lower 
ones shortly stalked, the upper sessile; uppermost pinnules sometimes confluent, 
oblong, slightly lobed, more commonly entire, obtuse ; terminal pinnule rotund-cunate. 

Central vein scarcely stronger than the others, and from a short distance above its 
base gives off lateral dichotomous veinlets. Frequently on each side of the central 
veinlet is a lateral veinlet which unites with the central vein at its extreme base or 
joins directly on to the rachis ; all the lateral veinlets arise at an acute angle. 

Remarks.— Although the specimen I refer to this species is a very fragmentary 
one, the size and form of the pinnules agree so well with the corresponding part of 
Andrae’s figure that, I have little doubt in referring it to Sphenopteris Schillingsi. 
The nervation also shows in one of the pinnules the peculiar character of a lateral vein 
next the mid-rib running directly into the rachis; while in another pinnule two veins 
of equal strength seem to unite at the extreme base of the pinnule, where it joins 
on to the rachis. 

The small specimen is seen natural size on Plate V. fig. 2, and enlarged two 
times at fig. 2a. 
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This is the only British example of Sphenopteris Schillings Andrae which has 
come under my notice. 

‘Horizon and Locality.—Ten-foot Ironstone Measures: Cabbage Hall Pits, 
Netherton. 

Collected by Mr H. W. Hucurs, F.G.S. 


Sphenopteris furcata Brongt. 


1829. Sphenopteris furcata, Brongt., Hist. d. végét. foss., p. 179, pl. xlix. figs. 4-5. 

1885. Diplothmema furcatum, Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, p. 299, pl. xxviii. 
figs. 2, 3. 

1892. Palmatopteris furcata, Potonié, ‘‘ Ueber einige Carbonfarne,” part iii. p. 1, pl. i.; text-fig. 1, p. 5 
(Jahrb. d. kinigl. preuss. geol. Landesanstalt fiir 1891). 


Horizons and Localities.— 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Ten-foot Ironstone Measures - Clayscroft Openwork, Coseley, near Dudley. 
Immediately below Bottom Coal: Ruiton, near Sedgley. 


Sphenopteris spinosa Gopp. 


1842. Sphenopteris spinosa, Gopp., Genre d. plant. foss., parts iii.—iv. p. 70, pl. xii. 

1886. " Zeiller, Flore foss. d. bassin houil. d. Valen., p. 135, pl. xv. figs. 1-3 

1880. i Crépin, Bull. Soc. roy. de botan. de Belgique, vol. xix. part ii. p. 13. 

1877. Diplothmema spinosum, Stur, Culm-Flora, vol. ii. p. 230. 

1885. P Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, p. 312, pl. xxviii. 
figs. 7, 8. 

1869. Sphenopteris palmata, Schimper, Traité d. paléont. végét., vol. i. p. 388, pl. xxviii. fig. 1. 

1877. Diplothmema palmatum, Stur, Culm-Flora, vol. ii. p. 230. 

1885. 5 $5 Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, p. 310, pl. xxvii. 

fig. 3. 

1904. Palmatopteris furcata, Potonié (non Brongt.) (pars), Abbild. u. Beschretb. foss. Pflanzen, Lief. 2, 

No. 21, fig. 4 and plate. 


Remarks.—Only one specimen of this species has been collected by Mr Henry 


INSLEY. 
Horizon and Locality.— Blue Measures, six feet above Brooch Coal: Hamstead 


Colliery, Great Barr, near Birmingham. 


Sphenopteris artemisizefolioides Crépin. 
1881. Sphenopteris artemisizfolioides, Crépin, in Mourlon, Géol. de la Belgique, vol. ii. p. 60. 


1886. * f Zeiller, Flore joss. bassin howil. d. Valen., p. 132, pl. xiv. 
figs. 2, 3. 
1910. 5 45 Renier, Paléont. du terr. howil., pl. Ixxii. figs. a, 0. 


1848. Sphenopteris artemisixfolia, Sauveur (non Sternb.), Végét. foss. terr. houil. de la Belgique, pl. xx. 
figs, 1, 2 (mon fig. 3). 

1876. Eremopteris artemisizfolia, Boulay, Terr. howil. du Nord de la France, pp. 28, 73, pl. i. fig. 6. 

1849. Sphenopteris stricta, Sauveur (non Sternb.), ibid., pl. xix. fig. 1. 
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1885. Archxopteris Crepini, Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, pl. xxv. figs. la, 1), 
2, and 3. 

1885. Archxopteris Sauveurt, Stur, tlid., pl. xxxvi. fig. 2. 

1893. Sphenopteris spiniformis, Kidston, Trans. York, Nat. Union, part xviii. p. 103. 

Horizon and Locality.—Roof of New Mine Coal: Clattershall Colliery, Brettell 


Lane. 


Sphenopteris Schatzlariana Stur (emend.). 


1885. Diplothmema Schatzlarense, Stur, Die Farne: Carbon-Flora d. Schatz. Schichten, p. 325, pl. xxix. 
figs. 10, 11, pl. Ixiv. fig. 2. 

1913. = . Gothan, Oberschlesische Steinkohlenflora, i. Theil, p. 75, pl. viii. fig. 5. 

Remarks.—The genus Diplothmema Stur, in which he includes the above species, 
was founded for certain ferns or fern-like plants in which more probably the petiole 
than the rachis of the primary pinne bifurcated; the part below the fork was naked, 
while the leafy portion was borne on the resulting forks or arms. 

As employed, this genus seems to bring together forms characterised in many cases 
by little or nothing in common except a bifurcation of the petiole, and becomes in fact, 
as generally used, practically another name for Sphenopteris Brongniart, if we add 
to that genus the additional character of the bifurcation of the petiole in certain of 
the species, and the use of the genus infers no additional knowledge of the affinities or 
nature of the plants it embraces. 

I am aware that most paleobotanists have adopted the genus Diplothmema in a 
more or less restricted sense than that originally proposed by Srur, but I have not 
seen my way to follow this course, as it does not appear to be any real advance on the 
old form genus Sphenopteris ; and even as a form genus, above which rank Diplothmema 
does not rise, specimens showing the Dzplothmema character are so rarely found 
that as a means of provisionally separating certain forms it is of little practical value. 

But the course I adopt raises a difficulty in the case of Diplothmema Schatzlarense 
Stur, for it cannot be simply removed from Diplothmema and placed in Sphenopteris, 
as there is a Sphenopteris Schatzlarensis Stur, sp., already, the Hapalopteris 
Schatzlarensis Stur (pars). As a means, therefore, of getting over this difficulty I have 
altered the specific name from Schatzlarensis to Schatzlarvana. 

Sphenopteris Schatzlarvana is rare in Britain, but I have already seen it from the 
Yorkshire and North Staffordshire Coal Fields. 

Horizon and Locality.—Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 


Cf. Sphenopteris Sancti-Felicis Stur, sp. 
Pl. X. figs. 8 and 8a. 


1885. Diplothmema Sancti-Felicis, Stur, Die Farne: Carbon-Flora d. Schatz, Schichten, p. 301, 
pl. xxix. fig. 1. 
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Remarks.—I refer provisionally to this species the small specimen given on P]. X. 
fig. 8, natural size, and enlarged 2 times at fig. 8a. 

In the form of the pinnules and their being divided into sharp-pointed, wide- 
spreading seoments, it agrees well with Srur’s figure; but it differs in the pinnules 
having a smooth surface, not longitudinally striate as in the type specimen. A single 
vein is clearly seen to enter each segment of the pinnule in the Sandwell Park fossil, 
while the veins are said to be masked by the surface longitudinal striations in Stur’s 
example. Whether these differences are specific or due to their condition of preservation 
ean only be determined when more perfect specimens are discovered. 

Horizons and Localities.— 

Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich. 
Ten-foot Ironstone Measures : Bradley Colliery, Bilston. 
Both collected by Mr H. W. Hucuss, F.G.S. 


Sphenopteris (Hymenophyllites) quadridactylites Gutbier. 


1835. Sphenopteris quadridactylites, Gutbier, Abdr. u. Ver. d. Zwick. Schwarzk., p. 36, pl. xi. fig. 5. 
1884, Ay ueenopnalintes quadridactylites, Kidston, Quart. Journ. Geol. Soc., vol. xl. p. 596. (Exel. ref., 
Sphenopteris opposita and iSphenovtert is minuta Gutbier). 
1886. a a Zeiller, Flore foss. bassin howl. d. Valen., p. 100, pl. viii. 
figs. 1-3 ; text-fig. 36, p. 56. 
1838. Sphenopteris tetradactyla, Presl, in Sternb., Vers., i1., fase. vi.—vill. p. 128. 
1855, Sphenopteris tridactylites, Geinitz (one Bronat.), Vers. d. Steink. in Sachsen, p. 15, pl. xxiii. 
figs. 13-14. 
1883. Hymenophyllites delicatulus, Zeiller (non Sterub.), Ann. d. sc. nat., 6° sér., vol. xvi. pp. 196 and 
208, pl. x. figs. 22-32. 


Horizon and Locality.—Ten-foot Ironstone Measures : Coseley, near Dudley. 


Sphenopteris deltiformis Kidston, n. sp. 
Pl X. figs. 9'and 9a. 


1899. Sphenopteris (Renaultia) bella, Zeiller (non Stur), “Etude sur la flore foss. bassin houil. d. 
Héraclée,” Mém. Soc. géol. d. France: Paléont., Mém. No. 21, p. 15, pl. i. fig. 13. 


Description.—Frond quadripinnate, rachis flexuous, slender, and bearing scattered 
spine-like setz. Primary, secondary, and tertiary pinne deltoid, touching or over- 
lapping at the margins, of somewhat lax growth; rachis of tertiary pinne winged, and 
bearing 3-4 pairs of alternate pinnules. Pinnules ovate, the lower bearing 2 pairs 
of lateral lobes and a terminal one, lobes directed forward and separated by a 
sinus extending to near the mid-rib, but the lobes are united to each other at their 
bases, apices of segments rounded or obtusely pointed ; upper pinnules with fewer lobes 
of similar form ; terminal lobe of pinna simple or trifid. The slightly flexuous central 
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vein gives off simple or dichotomously divided veinlets, one fork of which goes to 
each lobe. 

Remarks.—The specimen described here and shown natural size on PI. X. fig. 9 
seems to be identical with that figured by ZEILLER under the name of Sphenopteris bella, 
but which appears to be specifically distinct from that species. On our plant the 
rachis bears somewhat distant little thorn-like spines, but these, unless the specimen 
were well preserved, might not be shown on the fossil. Irrespective of this character, 
however, the rachis is flexnous, the pinne deltoid, and the pinnule lobes more spreading 
than those of Sphenopteris (Hapalopteris) bella Stur.* The plant has also a much 
more lax type of growth. If the enlargement of the pinnules given here twice natural 
size on Pl. X. fig. 94 be compared with the enlargement of the pinnules of Sphenopteris 
bella Stur, the difference will be clearly seen.t In Sphenopteris bella the pinnules are 
smaller, the lobes more truneate and not so spreading, which gives a much denser 
character of growth to the frond. The pinne are also narrower, not so deltoid as in 
Sphenopteris deltiformis, and the rachis is straight. 

The specimen was collected by Mr H. W. Hucunrs, F.G.S. 

Horizon and Locality.— Whitestone : Racecourse Pit, Round Oak. 


Sphenopteris Kilimlii Kidston, n. sp. 
EV die) 73: 


1899. Sphenopteris (Renaultia ?) Aschenborni, Zeiller (non Stur), Mém. Soc. géol. d. France, Mém. 
No. 21, p. 14, pl. i. figs. 15, 15a. 

Description.—Frond quadripinnate, primary pinne lanceolate; secondary pinne 
alternate approximate, lanceolate, rachis straight, finely striated longitudinally ; 
tertiary pinne alternate approximate, lanceolate or oblong-lanceolate, rachis winged 
and bearing 3-8 pairs of alternate pinnules; pinnules oval or oblong-oval, placed close 
together but seldom touching, contracted into a broad footstalk, slightly directed 
forward, decurrent ; lowest pinnule on upper side (anadrome) bears 3-6 lateral simple 
lobes, with a blunt or bifid point, basal lobe on distal side of pinnule separated from 
tertiary rachis by a narrow sinus, terminal lobe bifid or simple ; basal pinnule on under 
side (catadrome) of rachis occupying a middle position in angle formed by union of 
secondary and tertiary rachises and not touching either with any of its parts; middle 
pinnules with fewer simple or bifid segments; uppermost pinnules simple or bifid ; 
surface of pinnules with a roughened appearance. 

Nervation : central vein straight, giving off alternate simple or dichotomous veinlets, 
one branch of which ends in each tooth or segment. 

Remarks.—The lower tertiary pinne are more broadly lanceolate than those on the 
upper part of the secondary pinne. This is seen on Plate V. fig. 3, where the 


* Die Farne: Carbon-Flora Schatz. Schicht., p. 50, pi. xiii. figs. 1, 2. 
+ See Kinston, Mém. Musée roy. d’hist. nat. de Belgique, vol. iv. pl. vi. fig. 1. 
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_ fragment of the secondary pinne shown at the upper part of the specimen bears more 
broadly lanceolate tertiary pinne than those seen on the secondary pinne on the right- 
hand lower portion of the figure. These latter originate from secondary pinnz 
which occupied a higher position on the frond than those of the fragment seen at the 
upper margin of the figure. 

The lower pinnules may bear as many as six lateral lobes, three on each side, and in 
these the pinnule is more elongated and is distinctly narrower in proportion to its 
length than those with fewer lobes. ‘These much-divided pinnules are seen on the 
lower tertiary pinnz at the upper end of the figure. 

Text-fig. 1 (a) shows a pinnule from a short distance above the base of the pinna, 


Seep tee 


TEXT-FIG. 1.—Sphenopteris Kilimlii Kidston, Two pinnules enlarged 12 times. 


and | (b) one towards the apex. The frond has probably been of considerable size, for on 
one of my specimens (No. 1614) what appears to be part of a rachis is 3°50 mm. thick. 

The surface of the pinnules when seen under a lens has a distinctly roughened 
appearance. Under higher magnification this is seen to be caused by the large size of 
the epidermal cells. ‘The same roughened appearance is shown by ZEILLER in the 
enlarged figure he gives of his specimen.* It has not been attempted to represent this 
character in my enlargements. 

Sphenopteris Kilimluw has a slight similarity to Sphenopteris Schatzlarensis Stur, 
sp. (pars),t but this latter species is distinguished from it by its more deltoid pinnules, 


* Loe, cit., pl. i. fig. 15a. 

+ Srur included two species under his Hapalopteris Schatzlarensis in Die Farne d. Carbon-Flora d. Schatzlarer 
Schichten, p. 58. The genus Boweria is founded on specimens similar to Srur’s pl. xl. fig. 1, which has been removed 
from Sphenopteris Schatzlarensis, so that Srur’s specimen given on his pl. xl. fig. 1 can now be distinguished as 
Boweria Schatzlarensis. The original description of Boweria will be found in Krpston, Mém. Musée roy. d’hist. nat. de 
Belgzque, vol. iv. p. 31, 1911. 
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which narrow more upwards, and by its sharp-pointed segments, which are also much 
more seldom bifid. The surface of the pinnules is also smooth, not roughened as in Sphen- 
opteris Kilumlu, though imperfect states of preservation may not show this character. 

It has been pointed out by Benrenp* and GorHant that the plant named 
Hapalopteris Aschenborni by Sturt is identical with his Hapalopteris (Sphenopteris) 
Schatzlarensis in part §—a conclusion with which | agree. 

The plant described here is not the Sphenopteris Aschenborni Stur, sp., which is 
synonymous with Sphenopteris Schatzlarensis Stur (pars), but the Sphenopteris 
Aschenborm Zeiller (non Stur). It is therefore necessary to give a new name to this 


species, and I propose to distinguish it as Sphenopteris Kilimli, from the locality at 
which it was originally discovered. 

My thanks are due to Mr H. W. Huauns, F.G.8., for specimens of this species, 
which has hitherto only been collected at Kilimli. 

Horizon and Locality.—Blue Measures, six feet above Fireclay Coal: Doulton’s 
Clay Pit, Netherton, near Dudley. 


Sphenopteris Walteri Stur, sp. 


1885. Calymmotheca Walteri, Stur, Carbon-Flora der Schatzlarer Schichten: Die Farne, p. 263, 
pl. xxxvi. fig. 4. 
1893. Palmatopteris Walteri, Potonié, ‘Ueber einige Carbonfarne,” iv. Theil, Jahrb. od. kénigl. 
preuss. geol. Landesanstalt fir 1892, p. 8, pl. iii. 
Remarks.—Apparently rare, but found at Hamstead by Mr H. Instey and at 
Sandwell by Mr H. W. Hucuss, F.G.S8. 
Horizon and Localities.—Blue Measures, six feet above Brooch Coal: Hamstead 
Colliery, Great Barr, near Birmingham; Jubilee Pit, Sandwell Park, West Bromwich. 


Sphenopteris Souichi Zeiller. 


1886. Sphenopteris Sowichi, Zeiller, Flore foss. bassin houil. d. Valen., p. 110, pl. vii. figs. 2, 2a, 28, 

pl. ix. figs. 3, 3a, 3d. 

Remarks.—I am indebted to Dr WHueLron Hinp for an example of this species. 
The fossil is preserved in an ironstone nodule, and, as it is somewhat fragmentary, the 
specimen was forwarded to Dr ZEILLER, who has kindly compared it with the type, 
with which he says it agrees perfectly. 

Sphenopteris Souichi has not previously been recorded for Britain. 

Horizon und Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 

* Uber einige Carbonfarne aus der Familie der Sphenopterrden: Inaugural Dissertation, p. 37, 1908. 

+ Gornan, “Die Oberschlesische Steinkohlenflora. I. Theil: Farne und farnihnliche Gewiichse,” p. 139, 
Abhandl. d. kénig. preuss. geol. Landesanstalt, neue Folge, Heft 75, 1913. 

{ Farne d. Carbon-Flora d. Schatzlarer Schichten, p. 58, pl. xxxix. fig. 6, text-fig. 12a, b, 1885. 


§ Stur, Carbon-Flora d. Schatzlarer Schichten: Die Farne, p. 58, pl. xxxix. figs. 7, 7a; pl. xl. figs. 2-6 (not fig. 1, 
1885). 


1885. 
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Sphenopteris Schatzlarensis Stur, sp. 


Hapalopteris Schatzlarensis, Stur (pars), Carbon-Flora d. Schatz. Schichten: Die Farne, p. 58, 
pl. xl. figs. 2-6, pl. xxxix. figs. 7 and 7a, and text-fig. 11, p. 59 (non pl. xl. fig. 1). 


1899. Sphenopteris (Renaultia) Schatzlarensis, Zeiller, Flore foss. bassin houil. d. Héraclée, p. 15, 
pl, woe 1k 

1910. ” 9 3 Deltenre, in Renier, Documents paléont. terr. houil., 
pl. Ixiii. 

1913. Sphenopteris (? Renaultia, ? Boweria) Schatzlarensis, Gothan, Oberschlesische Steinkohlenflora, 


1908. 


1911. 


1885. 
£899) 


i. Theil, p. 139, pl. xxviii. fig. 5, pl. xxix. figs. 1 and 4. 

Ovopteridium Schatzlarense, Behrend, Uber einige Carbonfarne der Familie d. Sphenopteriden : 
Inaugural Dissertation, p. 37. (Also in Jahrb. d. k. preuss. geol. Landesanstalt, vol. xxix., 
I., Heft iii. p. 679.) 

Boweria Schatzlarensis, Kidston (pars), Mém. Musée roy. Vhist. nat. de Belgique, vol. iv. 
p. 34. 

Hapalopteris Aschenbornt, Stur, l.c., p. 63, pl. xxxix. fig. 6 (text-figs. 12a and 120 inaccurate). 

Ovopteris Aschenborni, Potonié, Lehrb, d. Pflanzenpal., p. 143, fig. 136 (copied from Srur). 


Remarks.—For notes on this species, see Bowerra Schatzlarensis, p. 90. 


Hor 


izons and Localittes.— 


Roof of New Mine Coal: Clattershall Colliery, Brettell Lane. 
Blue Measures, six feet above Fireclay Coal: Doulton’s Clay Pit, Netherton, 


near Dudley. 


Renaultia Zeiller. 


Renaultia gracilis Brongniart, sp. 


1829. Sphenopteris gracilis, Brongt., Hist. d. végét. foss., vol. i. p. 197, pl. liv. fig. 2. 


1870. 
1883. 


ts % Lesqx., Geol. Surv. of Illin., vol. iv. p. 408 (non pl. xv. figs. 3-6). 
” + Renault, Cours d. bot. foss., vol. iii. p. 189, pl. xxxiii. figs. 1-4. 


1886. Sphenopteris (Renaultia) gracilis, Zeiller, Flore fuss. bassin howtl. d. Valen., p. 94, pl. iv. figs. 2, 3. 


1912. 


1829 
1882 


1888 


” 0 »  Gothan, Verhandl. d. naturhist. Vereins d, preuss. Rheinl. u. 

Westph., 69. Jahrgang, p. 248, pl. iii. figs. 3-5. 

. Sphenopteris fragilis, Brongt., Hist. d. végét. foss., pl. liv. fig. 2. 

. Sphenopteris microcarpa, Kidston (non Lesqx.) (pars), Proceed. Roy. Phys. Soc., vol. vii. p, 129, 
pl. i. figs. 9-14 (non figs. 7, 8). 

. Renaultia microcarpa, Zeiller, Flore foss. bassin houil. d. Valen., p. 29, fig. 15. 


Horizons and Localitves.— 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of New Mine Clay: Clattershall Colliery, Brettell Lane. 
Roof of New Mine Coal: Mount Pleasant, Brierley Hill; Clattershall Colliery, 


Brettell Lane. 


Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, near Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 


Boweria Kidston. 
1911. Bowerta, Kidston, Mém. Musée roy. @hist. nat. de Belgique, vol. iv. p. 31. 
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Boweria Schatzlarensis Kidston. 


1885. Hapalopteris Schatzlarensis, Stur (pars), Carbon-Flora d, Schatz. Schichten;: Die Farne, p. 58, 
pl. xl. fig. 1 (non figs. 2-6). 

1911. Boweria Schatzlarensis, Kidston, Mém. Musée roy. Whist. nat. de Belgique, vol. iv. p. 34 
(refs. in part), text-figs. 5, 6, p. 32. 

1890. Renaultia Schatzlarensis, Kidston, Trans. York. Nat. Union, part xiv. p. 32. 

1890. Cf. Renaultia (Sphenopteris) microcarpa, Potonié, ‘‘ Ueber einige Carbonfarne,” part 1., Jahrb. 
d. k. preuss. geol. Landesanstalt fiir 1889, p. 25, pl. v. figs. 3, 3a. 

1869. Sphenopteris Bronnt, Roehl (non Gutbier), Foss. Flora Steink.-Form. Westphalens, p. 57, pl. xvi. 

figs. 5, 5a. 

Remarks.—Under the name of Hapalopteris Schatzlarensis Stur included two 
species. This has been pointed out by BrnReND* and Goruan. That given at fig. 1, 
pl. xl. by Srur is specifically distinct from the other specimens included by him 
under the same name. This fig. 1 forms the type of the genus Boweria, whose 
fructification consists of small annulate, circular or oval sporangia, free, one placed on each 
veinlet at the margin of the pinnule, and measuring about 0°40 mm. in their greatest 
diameter. The annulus forms a band of two rows of prominent cells which passes 
across the apex of the sporangium and extends a very short distance down the sides. 
The limb of the fertile pinnules is slightly reduced, the segments being obtuse or 
truncate and not pointed as in the sterile condition. The other of the two species 
included by Srur under the same name is placed in the genus Sphenopteris under the 
specific name given it by Srur—Sphenopteris Schatzlarensis. 

Boweria Schatzlarensis Kidston and Sphenopteris Schatzlarensis Stur seem to 
have a similar distribution. Both occur in the South Staffordshire Coal Field, but are 
not common. ‘They also both occur in the Yorkshire Coal Field, where, however, 
Boweria Schatzlarensis appears to be the more common of the two. 

I also possess a small fertile specimen (No. 3541) of Boweria Schatzlarensis, 
received a few years ago from M. L. Drevrenre, Mariemont, from Ste. Henriette Pit, 
on which the annulus of the sporangia is well shown. 

Horizon and Locality. — Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Crossotheca Zeiller. 


Crossotheca Honinghausi Brongt., sp. 


1829. Sphenopteris Honinghausi, Brongt., Hist. d. végét. foss., vol. i. p. 199, pl, li. 

1865. 55 a Andrae, Vorwelt, Pflanzen, p. 13, pls. iv., v. 

1905. Crossotheca Héninghaust, Kidston, Proc. Roy. Soc., ser. B, vol. lxxvi. p. 358, pl. vi. figs. 1-5. 

1906. - yi Kidston, Phil. Trans., ser. B, vol. cxeviii. p. 413, pl. xxv. figs. 1-16, 
pl. xxvi. figs. 17-32, text-figs. 1-7. 


* Benrend, Uber einige Carbonfarne aus der Familie der Sphenopteriden: Inaugural Dissertation, 1908, p. 37. 
Also in Jahrb. d. k. preuss, geol. Landesanstalt, vol. xxix., 1., Heft iii. p. 679; Gornan, Oberschlesische Steinkohlenflora 
i. Theil, p. 139, 1913. 
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Note.—Frequent. 
Horizons and Localities.— 
Roof of Brooch Coal: Pensnett. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 
Ettingshall. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 
Immediately below Bottom Coal: Ruiton, near Sedgley. 


Crossotheca Hughesiana Kidston. 
1906. Crossotheca Hughesiana, Kidston, Phil. Trans., ser. B, vol. cxevili. p. 424, pls. xxvil.—xxviil. 


Horizon and Locality.—Ten-foot Ironstone Measures (= Roof of Thick Coal) : 
Clayscroft Openwork, Coseley, near Dudley. 


Crossotheca Crepini Zeiller. 


1883. Crossotheca Crepint, Zeiller, Ann. d. Soc. nat., 6° sér., Bot., vol. xvi. p. 181, pl. ix. figs. 1-9. 

1886. Sphenopteris (Crossotheca) Crepini, Zeiller, Flore foss. bassin howil. d. Valen., p. 112, pl. xiii. 
figs. 1-3; text-fig. 21, p. 33. 

1910. Sphenopteris (Crossotheca) Crepini, Schmitz, in Renier, Paléontologie, pl. Ixviii. 

1883. Sorotheca Crepini, Stur, Zur Morph. u. Syst. d. Culm- u. Carbonfarne, p. 175 (text-fig. 39 
not good). 

1885. Sorotheca Crepini, Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, p. 275, pl. xxxiii. figs. 1 
and 2, pl. xxxv. figs. 3-4 (text-fig. 43, p. 273, not good). 


Remarks.—This species, which has not previously been recorded from Britain, has 
been collected by Mr H. W. Hucuzs at Grets Green and by Mr H. Instey at 
Hamstead. 

Horizon and Localities. — 

Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. 


Roof of Brooch Coal: Grets Green, near West Bromwich. 


Sphyropteris Stur. 
Sphyropteris obliqua Marrat, sp. 


1872. Sphenopteris obliqua, Marrat, in Higgins, Proc. Liverpool Geol. Soc., Session 13, 1871-1872, 
p: 99; pl. ix. figs. 3, 3a. 

1889. Sphyropteris obliqua, Kidston, Trans. Roy. Soc. Edin., vol, xxxv. p. 402, pl. 1. figs. 3, 3a—3d. 

1883. Sphyropteris Crepini, Stur, Die Farne: Carbon-Flora d. Schatzdlarer Schicht., p. 18, pl. xxxix. 
figs. 1, la; text-fig. 6a, p. 16. 
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Horizon and Localities. — 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
Roof of New Mine Coal: Mount Pleasant, Brierley Hill. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 


Zeilleria Kidston. 
Zeilleria Avoldensis Stur., sp. 


PL VIL tes.on 505.506. 16c: 


1878. Phtinophyllum Avoldense, Stur, Verh. d. k. k. geol. Reichsanstalt, p. 213. 
1883. Calymmotheca Avoldensis, Stur, “Morph. u. Syst. d. Culm- u. Carbonfarne,” Sitzb. d. k. Akad. d. 
Wissensch., vol. lxxxvili. p. 171, fig. 37. 


1885. - A Stur, Farne d. Carbon-Flora d. Schatzlarer Schichten, p. 251, 
pl. xxxvii. fig. 1, text-fig. 41, p. 238. 

1899. Pr ‘ Potonié, Lehrb. d. Pflanzenpal., p. 103, fig. 90 1. 

1884. Zeilleria Avoldensis, Kidston, Quart. Journ. Geol. Soc., vol. xl. p. 591. 

1887. PF ss Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 148, pl. vii. figs. 8-10. 

Description. — Frond very large quadripinnate. Primary pinne broadly 


lanceolate; secondary pinne alternate, linear-lanceolate; tertiary pinne alternate, 
linear-lanceolate, or oblong lanceolate. Pinnules alternate, attached by their whole 
base to the rachis and united to each other for one-third to two-thirds of their length ; 
free portion of limb ovate triangular. Nervation clearly defined, and consisting of a 
central vein which generally gives off a lateral veinlet on each side, which extends to 
the margin of the pinnule. 

Fructification apparently confined to the tertiary pinnz on the lower secondary 
pinnee, where the fertile pinnules, similar in form to the sterile ones, bear one to three 
pedicellate cupule-like structures placed at the extremities of the excurrent veins. 
When immature the fructification appears as a closed oval structure, but at maturity 
it splits into four, rarely into five, spreading segments, which on the specimens with 
larger cupules show in the centre a small mammillate point to which a small organ, 
presumably a seed, has been attached. What are probably the microsporangia are 
very similar in form to the seed-bearing cupules when unopened, but are of smaller size. 

Remarks.—Two specimens of this fern are given on Pl. VII. figs. 5, 6. That given 
natural size at fig. 6 represents fairly well the general character of a fertile specimen, 
though the structure of the fructification is not well exhibited. A small portion of 
the same specimen is shown enlarged 2 times at fig. 6a. Most of the sporangia seem 
to have adhered to the counterpart of the specimen, which unfortunately has not been 
preserved. They are much better seen on another small example, also from the South 
Staffordshire Coal Field, which has already been figured in vol. xxxui., pl. viii. figs. 
8-10, of the Transactions of this Society. Here the small cupule-like structures are 
seen to be oval when immature, but split at maturity into four valves about 1 mm. 
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long, text-fig. 2, Another specimen, preserved in an ironstone nodule, is shown 
natural size at fig. 5, and, although the specimen is somewhat broken up, the structural 
details of the cupules are very beautifully exhibited, and can be seen with a lens 
on the part of the specimen given enlarged about 23 times at fig. 5a. A further 
enlargement of the cupule lettered a on fig. 5a is seen at fig. 5b, where it is enlarged 
about 6 times. The spread-out cupules on this example measure about 3 mm. across, 
and are therefore larger than on the specimens to which reference has been made 
above. They further show most distinctly a central prominent mammillate point, to 
which I have no doubt a small seed was originally attached, though now fallen off. 
To show that this is not an improbable explanation, it may be mentioned that small 
Carpolithes-like seeds, only 1°5 mm. long and about 1 mm. wide, have been found in 
the Lanarkian Series of Midlothian by Mr D. Tair, which when treated by the 
maceration process showed the nucellus, pollen-chamber, and microspores, hence the 
cupule was large enough to enclose such a seed. 


a 


Trext-ric, 2. —Zeilleria Avoldensis Stur, sp. m shows sporangia open, and 6immature. x 3% times. 


Hach of the segments of these larger cupules has a much more dense central 
portion, as indicated by the amount of carbonaceous matter still preserved, and a 
narrow, more delicate, margin. This is seen at fig. 5b, which shows a cupule enlarged 
about 6 times. Possibly the thin marginal bands may represent overlapping portions 
of the segments of the cupule. 

To return to the specimen described on Pl. VIII. figs. 8-10 of vol. xxxiii. of the 
Transactions of this Society, the cupule-like structures, as already mentioned, are 
smaller than those given at fig. 5, and which are supposed to have enclosed a seed. 
Text-fig. 2 shows two pinnules from the earlier specimen enlarged about 34 times ; 
that at @ shows the attached bodies split into four valves, while that at b, 
from the same specimen, shows a single oval unopened body attached to its 
short stalk. Fructifications similar in appearance to this latter were described by 
Dr Arser as the seeds of a Pteridosperm, under the name of Carpolithus Nathorsts.* 
Others of his figures + seem to show the structure divided into valves similar to the 
figure given here. Subsequently NarHorst showed that the bodies which had been 
regarded as Carpolithus by Dr ARBER were really sporangia containing microspores, { 


* Ann. of Bot., vol. xxii. p. 57, pl. vi. fig. 4. 
+ Loc, cit., figs. 3, 5, and 6, 


{ Narworst, Palaeobot. Mitteilungen, No.4; Kungl. Svenska Vetenskaps-Akad. Handl., Band xliii. No. 6, p. 10, 
pl. ii. figs. 19-21. 
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and that the specimen which had been described as Carpolithus Nathorstt was in 
all probability a fertile example of Zezlleria Schaumburg-Lippeana Stur, sp.* These 
discoveries therefore make it extremely probable that the specimen of Zezlleria 
Avoldensis given at text-fig. 2 represents the microsporangia-bearing plant, and that 
shown at Pl. VII. fig. 5 the seed plant. The larger size of the split cupule of fig. 5 
cannot be regarded as merely a stronger development, and the central mammillate 
protuberance can scarcely be explained otherwise than the point of attachment of a 
small seed. 
The form of the pinnules bearing these larger and smaller fructifications is similar. 
The specimens of Zeilleriw Avoldensis, sp., figured here were collected by 
Mr H. W. Hueuss, who kindly placed them in my hands for description. 
Horizon and Localities.— 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr H. Instey. 
Roof of Brooch Coal: Shut End; Tividale. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 


Zeilleria delicatula Sternberg, sp. 


1823. Sphenopteris delicatula, Sternb., Essai flore monde prim., vol. i. fase. i. p. 34, pl. xxvi. fig. 5 ; 


fase. iv. p. 16. 
1829, 2 3 Brongt., Hist. d. végét. foss., p. 185 (%pl. lviii. fig. 4). 
1848. 55 ‘ Sauveur, Végét. foss, terr. houtl. de la Belgique, pl. xxiii. fig. 5. 
1899. F $5 Hofmann et Ryba, Leitpjlanzen, p. 42 (?pl. iii. figs. 22, 22a). 
1884. Zeilleria delicatula, Kidston, Quart. Journ. Geol. Soc., vol. xl. p. 592, pl. xxv. figs. 1-12. 
1888. a 5 Zeiller, Flore foss. bassin howil. de Valen., p. 57, fig. 37 a, B. 
1891. 5) a Kidston, Trans. Geol. Soc. Glasgow, vol. ix. p. 33, pl. i, fig. 34 a, 0b. 
1899. 55 = Potonié, Lehrb. d. Pflanzenpal., p. 103, fig. 90 111. 
1903. e 3 Arber, Quart. Journ. Geol. Soc., vol. lix. p. 13, pl. 11. figs. 1, 2. 


Remarks.— Both sterile and fertile states of the plant have been collected—those 
at Sandwell by Mr H. W. Hucuns, and those at Hamstead by Mr Henry Instey. 

Horizon and Localities.—Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell 
Park, West Bromwich ; Hamstead Colliery, Great Barr, near Birmingham. 


Zeilleria sp. 


Remarks.—Mr H. W. Hucuus has collected some fragments of an undescribed 
species of Zeilleria at Sandwell; but as ] have better specimens of this plant from the 
Yorkshire and Burnley Coal Fields, I shall defer its description until another time. 

Horizon and Locality.— Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell 
Park, West Bromwich. 


* See Natuorst, l.c., p. 10; and ZuILLER, Conyptes rendus, vol. exliv. p. 1139, 1907. 


1826. 
1829. 
1869. 
1877. 
1826. 


1829, 
1832. 
1877. 
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Hremopteris Schimper. 


Eremopteris artemisizfolia Sternb., sp. 


Sphenopteris artemisixfolia, Sternb., Hssaz flore monde prim., vol. i. fase. iv. p. xv. pl. liv. fig. 1. 

nf - Brongt., Hist. d. véyét. foss., p. 176, pl. xlvi., pl. xlvii. figs. 1, 2. 
Eremopteris artemisixfolia, Schimper, Traité d. paléont. végét., vol. i. p. 416, pl. xxx. fig. 5. 
Sphenopteris (Eremopteris) artemisixfolia, (?) var. Lebour, Illustr. of Fossil Plants, pl. xxxiii. 
Sphenopteris stricta, Sternb., Essai flore monde prim., vol. i. fase. iv. p. xv, pl. lvi. fig. 3; vol. ii. 

p. 57. 
»  Brongt., Hist. d. végét. foss., p. 208, pl..xlviii. fig. 2. 

Siienapteris erithmifolia, L. & H., Fossil Flora, vol. i., pl. xlvi. 
Sphenopteris sp., Lebour, Idlustr. of Fossil Plants, pls. xxxiv., XXXV., XXXVi. 
Aspleniotdes obtusum, K6nig, Icones foss. sectiles, pl. xvi. fig. 199. 


Horizon and Locality.—Blue Measures, six feet above Fireclay Coal: Doulton’s 
Clay Pit, Netherton. 


1869. 


1899. 


Adiantites Goppert. 


Adiantites sessilis Roehl, pro. var. 


Cyclopteris oblongifolia, Gopp., var. sessilis, Roehl, Foss. Flora Steink.-Form. Westphal., p. 45, 
pl. xvi. figs. 1 and la. 
Adiantites sessilis, Potonié, Lehrb, d. Pflanzenpal., p. 129, fig. 116. 


Remarks.—Of this species I have only seen two British specimens—that noted here, 
and one from Adderley Green, Longton, North Staffordshire, from ‘“ below the Bowling- 
alley Rock,” which was received from the late Mr Jonn Warp, F.G.S. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. Collected by Mr H. W. Hucuzs. 


1852. 


1869. 
1894, 


Archeopteris Dawson. 


Archeopteris Reussi Ettingshausen, sp. 
Pl. V. figs. 7 and 7a. 


Asplenites Reussii, Ett., “‘Steinkf. vy. Stradonitz in Bohmen,” Abhandl. d. k. geol. Reichsanst., 
I., Band iii. Abth. No. 4, p. 16, pl. i. figs. 8, 9. 

Palzopteris Reussii, Schimper, Traité d. paléont. végét., vol. i. p. 478. 

Archxopteris Reusstt, Kidston, Proc. Roy. Phys. Soc. Edin., vol, xii. p, 242. 


Descrvption.—Frond bipinnate, main rachis rigid, straight, smooth ; pinne alternate, 
linear-lanceolate, rachis straight, smooth ; pinnules alternate, obovate, directed forwards 
and contracted into a short decurrent stalk, upper margin minutely dentate; nervation 
flabelliform, arising from the repeated dichotomy of a single vein. 

Remarks.—The pinnules are so directed forwards that their margin next the rachis 
lies almost parallel with it. ‘hey are gradually narrowed into a short stalk, into which 
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a single vein enters, and, dichotomising four or five times in its course, provides from 
sixteen to over twenty ultimate veinlets, one of which seems to enter each little tooth 
on the upper margin of the pinnule, but the little teeth are seldom well seen on our 
specimen, which has suffered somewhat from decay before fossilisation took place. 

Archxopteris Reussi is described as bipinnate, but possibly the plant attained a 
greater size and only fragments of lateral pinnz may be known. I have compared the 
British example with a small specimen of Archxopteris Reuss: from Stradonitz in the 
British Museum, and find it agrees with it perfectly. 

Hitherto Archxopteris Reussi Ett., sp., appears only to have been found at 
Stradonitz, Bohemia. 

In the absence of fructification some slight doubt may exist as to whether 
Archzopteris Reuss: should be retained in Archzopteris, though its foliage pinnules 
agree with that genus in every respect. 

As the only other course would be the creation of a new genus for its reception, and 
that only distinguished by negative characters, I retain it provisionally in Archxopteris 
till some knowledge of its fructification is obtained. In any case it is a remarkable 
circumstance that plants possessing the foliage of the genus Archzxopteris, of the 
Archxopteris hibernica Forbes, sp., type, should disappear from all the intervening 
rocks that lie between the Upper Old Red Sandstone and the Westphalian Series of the 
Upper Carboniferous, and should after this great length of time again occur without 
any apparent generic alteration. 

Archeopteris Reussi seems to have been a smaller Sp eaE than any of the Upper 
Old Red Sandstone members of the genus. 

The specimen from Tividale is shown natural size at fig. 7, and some pinnules 
enlarged 23 times are given at fig. 7a. 

The fossil is contained in the “Johnson Collection” of the Department of Geology 
and Paleontology of the British Museum, No. V., 1366, and my thanks are due to 
Dr A. Smrrx Woopwarp, F.R.8., for kind permission to figure and describe it. 

Horizon and Localities.— 

Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich. Collected by Mr. H. W. Hucuss. Hamstead Colliery, Great 
Barr, near Birmingham. Collected by Mr Henry Instey. 

Westphalian Series: Tividale, near Dudley, Staffordshire. 


Telangium Benson. 


Telangium asteroides Lesqx., sp. 


1870. Staphylopteris asteroides, Lesqx., Geol. Survey. of Illin., vol. iv. p. 406, pl. xiv. figs. 6, 7 (non 
figs. 8-10). 

1879. Sorocladus asteroides, Lesqx., Coal Flora, p. 328, pl. xlviii. figs. 9, 9a, and 90. 

1883. Calymmatotheca asteroides, Zeiller, Ann. d. sc, nat., 6° sér., Bot., vol. xvi. pp. 182 and 207, pl. ix. 
figs. 10, 11. 
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1886. Calymmatotheca asteroides, Zeiller, Flore foss. bassin howil. d. Valen., p. 141, pl. xii. figs, 2, 2a, 
and 20. 


1891. 5 a Kidston, T’rans. Geol. Soc. Glasgow, vol. ix. p. 24, pl. iii. fig. 37. 


Remarks.—A number of years ago I saw a small specimen of this species in the 
collection of the late Mr Henry Jounson, Dudley. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Coseleya Kidston, n.g. 


Description.—Sporangia pyriform, exannulate, sessile, attached spirally or in close 
verticils round the rachis, and forming dense masses. 


Coseleya glomerata Kidston, n. sp. 
EIS Vtigs.-4) 40,5, and6); Pl. Xo fig. 4. 


Description.—Rachis stout, slightly flexuous, with closely placed, irregular, small 
transverse scars; pinne alternate, short, and entirely obscured by closely placed 
sporangia arranged spirally or in whorls around the rachis. Sporangia pyriform, 
exannulate, pedicellate, and free. Apparently dehiscing by a longitudinal cleft on 
their ventral surface. 

Remarks.—At fig. 4, Pl. V., the largest specimen of this fructification which has 
been discovered is shown natural size. The sporangia themselves have decayed, and 
the groups only leave their impression in the matrix, accentuated by a dark brown 
stain. The same specimen is shown enlarged 2 times at fig. 4a. At the part 
marked @ on this figure, one of the pinnz has been broken over and shows the groups 
of sporangia in section, where at one point the form of the sporangia can be clearly 
made out. ‘l'wo of these are enlarged 9 times at fig. 4b. They are pyriform, and 
their base is contracted into a short pedicel. 

Occasionally one sees a dark line running down the ventral face of the sporangia, 
which probably indicates the position of a longitudinal cleft by which dehiscence 
took place. 

The rachis is stout, but this was necessary for the support of the dense masses of 
sporangia which the short pinne bore. The main rachis of this specimen must have 
been densely clothed with scales, or hairs, from the numerous scars they have left to 
indicate their former presence. 

At figs. 5 and 6 two other specimens of the same species are given. Ata on fig. 6 
the arrangement of the sporangia around the axis is also well seen. It is difficult to 
determine whether the sporangia are in whorls or arranged spirally on the rachis, but 
I rather think they are spirally placed. At the upper part of fig. 5 the form of the 


sporangia is shown; but the sporangia occur in such dense masses that one sporangium 
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generally tends to obscure the form of the other, and the general appearance of the 
pinnee is as if the stem bore small bramble-like fruits, the “‘ pips” being the impressions 
of the apices of the sporangia in the matrix, as seen at fig. 4, Pl. X., which is enlarged 
2 times. 

Possibly in Coseleya glomerata we see the microsporangia of a pteridosperm, but 
it is impossible from the meagre data at present at our disposal to form any definite 
opinion of the aftinities of Coseleya. . 

The genus name is derived from Coseley, near Dudley, where in the past so many 
fine specimens have been obtained. 

All the specimens of Coseleya glomerata which I have seen were collected by 
Mr H. W. Hueues, but it is evidently a rare fossil. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Pecopteris Brongniart. 


Pecopteris Miltoni Artis, sp. 


1825. Filicites Miltoni, Artis, Antedil. Phyt., pl. xiv. 

1834. Pecopteris Miltoni, Brongt. (pars), Hist. d. végét. foss., p. 333, pl. exiv. fig. 8 (non figs. 1-7). 

1849. io e Andrae, in Germar, Vers. d. Steink, v. Wettin u. Lobejun, p, 63, pl. xxvii. 

(Excl. syn., Pecopteris polymorpha. Refs. in part.) 

1911. Pecopteris (Asterotheca) Miltoni, Kidston, Mém. Musée Tey, Whist. nat. de Belgique, vol. iv. 
p. 50. 

1885. Hawlea Miltoni, Stur, Carbon-Flora d. Schatzarer Schicht. ; Die Farne, p. 108, pl. lix. figs, 1-4 ; 
pl. lx. figs. 1, 2 (exel. figs. 3, 4) ; text-fig. 17, p. 106 (syn. in part). 

1835. Pecopteris abbreviata, Brongt., Hist. d. végét. foss., p. 337, pl. exv. figs. 1-4. 

1836, y L. & H., Fossil Flora, vol. iii., pl. elxxxiv. 


1886. hao (Asterotheca) apiretate, Zeiller, Flore Jeo bassin houil. d. Valen., p. 186, pl. xxiv. 
figs. 1-4. 


Note.—Frequent. 
Horizons and Localities. — 
(?) Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich. 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. 
Brooch Coal: Oldbury. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of New Mine Coal: Coseley ; Clattershall Colliery, Brettell Lane. 
Six feet above fireclay Coal: Doulton’s Clay Pit, Netherton. 
Between Fireclay and Bottom Coals: Doulton’s Clay Pit, Netherton. 
Immediately below Bottom Coal: Ruiton, near Sedgley. 
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Pecopteris Volkmanni Sauveur. 

1848. Pecopteris Volkmanni, Sauveur, Végét. foss, terr. houil. d. Belgique, pl. xlv. figs. 1-4. 
1886. 95 58 Zeiller, Flore foss. bassin houil. d. Valen., p. 204, pl. xxviii. figs. 1-3. 
1882. Cyatheites arborescens, Achepohl (non Schlotheim), Niederrh. Westfal. Steink., p. 94, pl. xxxii. fig. 1. 
1885. Senftenbergia Boulay, Stur, Carbon-Flora d. Schatzlarer Schichten: Die Farne, p. 85, pl. |. fig. 1. 
Note.—Not common. 
Horizons and Localities.— 

Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 

Bromwich. 
Roof of New Mine Coal: Mount Pleasant, Brierley Hill. 
Blue Measures, six feet above Fireclay Coal: Doulton’s Clay Pit, Netherton. 


Pecopteris ? hepaticzformis Kidston, n. sp. 
Pl. VIL. fig. 7. 


Remarks.—A figure of a fragment of the smallest pinnuled fossil fern I have yet 
seen is given natural size on Pl. VII. fig. 7. The portion preserved shows part of a 
pinna about 11 mm. long and about 1°5 mm. wide at its base, from where it decreases 
very gradually upwards. The specimen is converted into a very black carbonaceous 
substance, and indicates that the pinnules must have been of considerable thickness. 
The nervation is not distinctly seen. Two of the pinnules, magnified 10 times, are 
shown at fig. 7a, but some of them appeared to be slightly more lobed than those 
enlarged. I have met with no fossil at all similar to this curious Hepaticex-like little 
species, which, however, in the absence of more complete specimens, I have placed 
provisionally amongst the Pecopterids. 

Horvzon and Locality. — Ten-foot Ironstone Measures: Coseley (2). In the 
collection of Sir CoarLtes HoLcrort. 


Dactylotheca Zeiller. 


Dactylotheca plumosa Artis, sp. 


1825. Filicites plumosus, Artis, Antedil. Phyt., p. 17, pl. xvii. 

1836. Pecopteris plumosa, Brongt., Hist. d. végét. foss., p. 348, pls. cxxi., cxxil. 

1885. Senftenbergia plumosa, Stur, Carbon-Flora d. Schatalarer Schichten: Die Farne, p. 92, pl. li. figs. 1-3. 

1896. Dactylotheca plumosa, Kidston, Trans. Roy. Svc. Edin., vol. xxxviii. p. 205, pls. i.—iii. 

1834. Sphenopteris crenata, L. & H., Fossil Flora, p. 59, pls. ¢., ci. 

1885. Senftenbergia crenata, Stur, Carbon-Flora d. Schatzlarer Schichten: Die Farne, p. 72, pl. xlv. 

figs. 1-3, pl. xlvi. figs. 1-3. 

1834. Schizopteris adnascens, L. & H., Fossil Flora, vol. 1. p. 58, pls c. and ci. 

1832. Sphenopteris caudata, L. & H., Fossil Flora, vol. i. p. 137, pl. xlviii.; vol. ii. p. 157, pl. exxxvii. 

1834, Pecopteris dentata, Brongt., Hist. d. végét. foss., p. 346, pls. cxxiil., cxxiv. 

1835. 55 x L. & H., Fossil Flora vol. ii. p. 201, pl. cliv. 

1886. Pecopteris (Dactylotheca) dentata, Zeiller, Flore foss. bassin howil. d. Valen., p. 196, pl. xxvi. 
figs. 1, 2; pl. xxvii. figs. 1-4; pl. xxviii. figs. 4, 5. 

1899. - a 3 White, Foss. Flora Low. Coul Meas. of Missouri, p. 75, pl. xxiv. 
figs, 1, 2; pl. xxv.; pl. xxvi. figs. 2-4; pl. xxvii. 
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1836. Aspidites silesiacus, Gopp., Syst. fil. foss., p. 364, pl. xxvii. (pl. xxxix. fig. 1%). 
1836. Pecopteris delicatula, Brongt., Hist. d. végét. foes., p. 349, pl. exvi. fig. 6. 
1854. Pecopteris Glockeriana, Ett. (Gopp. ?), Stinkf. v. Radnitz, p. 44, pl. xvii. fig. 1. 
1854. Pecopteris angustifida, Ett., Stinkf. v. Radnitz, p. 45, pl. xvi. fig. 1. 


Note.—This species is widely distributed in the South Staffordshire Coal Field, 
where it is common. 
Horizons and Localitves.— 
Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich. 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. 
Above Brooch Coal: Grets Green, near West Bromwich. 
Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of New Mine Coal: Coseley, near Dudley ; Clattershall Colliery, Brettell 
Lane. 
Blue Measures, six feet above Fireclay Coal: Doulton’s Clay Pit, Netherton. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 
Five yards above White Ironstone : No. 19 Pit, Saltwells, Cradley. 
Roof of Bottom Coal: Bradley. 


forma delicatula Brongt., pro. sp. 


Above Brooch Coal: Oldbury. 
Roof of Fireclay Coal: Russell’s Hall, Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 


Mariopteris Zeiller. 


Mariopteris muricata Schl., sp. 


1804. Schlotheim, Flora d. Vorwelt, pp. 54, 55, pl. xii. figs. 21 and 23. 

1820. Filicites muricatus, Schloth., Petrefactenkunde, p. 409. 

1832. Pecopteris muricata, Brongt., Hist. d. végét. foss., p. 352, pl. xev. figs. 3, 4, pl. xevii. 

1885. Diplothmema muricatum, Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, p. 395, pl. xxi. 
figs. 1-5, pl. xxii. figs. 1-5, pl. xxiii. figs. 1-6. 

1879. Mariopteris muricata, Zeiller, Bull. Soc. géol. de France, 3° sér., vol. vii. p. 92. 


1886. ¥ ; Zeiller, Flore foss. bassin houil. d. Valen., p. 173, pl. xx. figs. 2, 3; pl. xxi. 
fig. 1; pl. xxii. fig. 2. 

1911. ‘s - Kidston, Mém. Musée roy. d’hist. nat. de Belgique, vol. iv. p. 53. 

1886. 35 ° Jorma nervosa, Zeiller, ibid., pl. xx. fig. 1, pl. xxii. fig. 1, pl. xxxiii. fig, 1. 

1886. as - var, hirta, Zeiller, ibid., p. 182, pl. xx. fig. 4. 


1879. Pseudo-pecopteris muricata, Lesqx., Coal Flora, vol. i. p. 203, pl. xxxvii. fig. 2. 
1832. Pecopteris nervosa, Brongt., Hist. d. végét. foss. p. 297, pl. xciv., pl. ev. ‘tiger 1; 2: 
1833. a i L. & H., Fossil Flora, vol. ii, pl. xciv. 
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1885. Diplothmema nervosum, Stur, Carbon-Flora d. Schatz. Schichten: Die Farne, p. 384, pl. xxiv. 
fig: 1s; pl.xxv. B., fig. 2: 

1834. Pecopteris laciniata, L. & H., Fossil Flora, vol. ii. pl. exxii. 

1885. Diplothmema hirtum, Stur, ibid., p. 372, pl. xxxiv. fig. 1. 


Note.—Very common, and widely distributed in the coal field. 
Horizons and Localities. — 
Roof of Brooch Coal: Pensnett; Himley; Shut End; Kingswinford; Foxyards, 
Dudley. 
Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West Bromwich; 
Hamstead Colliery, Great Barr, near Birmingham. 
Roof of Thick Coal: Bradley Pit, Bilston. 
Ten-foot Ironstone Measures: Clayseroft Openwork, Coseley, near Dudley. 
Roof of New Mine Coal: Mount Pleasant, Brierley Hill; Doulton’s Clay Pit, 
Netherton. 
Roof of Bottom Coal: No. 120 Pit, Coneygre, Tipton. 


forma nervosa Brongt., pro. sp. 


Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 

Shales, thirty yards above Thick Coal: Hamstead Colliery, Great Barr, near 
Birmingham. 

Shale, over Thick Coal: Near Bilston. 

Roof of New Mine: Coseley, near Dudley. 

Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 

Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 

Immediately below Bottom Coal: Ruiton. 


Alethopteris Sternberg. 
Alethopteris lonchitica Schl., sp. 


1804. Schlotheim, Flora d. Vorwelt, p. 55, pl. xi. fig. 22. 

1820. Filtcites lonchiticus, Schlotheim, Petrefactenkunde, p. 411. 

1832 or 1833. Pecopteris lonchitica, Brongt., Hist. d. végét. foss., p. 275, pl. Ixxxiv. figs. 1-7. 
1826. Alethopteris lonchitidis, Sternb., Vers., vol. i. fase. iv. p. xxii; vol. 1i, fase. vii.—viii., p. 142. 
1886. Alethopteris lonchitica, Zeiller, Flore foss. bassin howil. d. Valen., p. 225, pl. xxxi. fig. 1. 
1832 or 1833. Pecopteris urophylla, Brongt., Hist. d. végét. foss., p. 290, pl. Ixxxvi. 


Note.—Very common. 
Horizons and Localities.— 
Above Brooch Coal: Himley ; Pensnett ; Shut End; Oldbury. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 
Cabbage Hall Pit, Netherton. 
Roof of Thick Coal : Tipton ; Ettingshall; Bradley Colliery, Bilston. 
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Roof of New Mine Coal: Coseley, near Dudley ; Dibdale, near Gornal ; Clatters- 
hall Colliery, Brettell Lane. 

Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 

Roof of Bottom Coal: Bradley Colliery, Bilston. 

Immediately below Bottom Coal: Ruiton. — 


Alethopteris decurrens Artis, sp. 


1825. Filicites decurrens, Artis, Antedil. Phyt., pl. xxi. 
1886. Alethopteris decurrens, Zeiller, Flore foss. bassin houtl. d. Valen., p. 221, pl. xxxiv. figs. 2, 3; 
pl. xxxv. fig. 1; pl. xxxvi. figs. 3, 4. 
1832 or 1833. Pecopteris Mantelli, Brongt., Hist. d. végét. foss., p. 278, pl. Ixxxiii. figs. 3, 4. 
1834 or 1835. - A L. & H., Fossil Flora, vol. u. pl. exlv. 
1832. Pecopteris heterophylla, L. & H., Fossil Flora, vol. i. pl. xxxviii. 
Note.—This species, which is as a rule fairly widely distributed, I have only seen 
from the localities noted below; in the latter mentioned it is not of very rare occurrence. 
Horizons and Localities.— 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr H. Insury. 
Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 


Alethopteris Davreuxi Bronet., sp. 


1832 or 1833. Pecopteris Davreuxi, Brongt., Hist. d. végét. foss., p. 279, pl. Ixxxviil. figs. 1, 2. 
1886. Alethopteris Davrewxt, Zeiller, Flore foss. bassin howil. d. Valen., p. 228, pl. xxxii. fig. 1. 
1832 or 1833. Pecopteris Dournaisit, Brongt., ibid., p. 282, pl. Ixxxix. fig. 1 (? non fig. 2). 


Note.—-Not common. 
Horizon and Localities.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley ; Ettingshall. 


Alethopteris valida Boulay. 
1876. Alethopteris valida, Boulay, Terr. houwil. d. Nord de la France, p. 35, pl. i. fig. 8. 


1886. AS 3 Zeiller, Flore foss. bassin houil. d. Valen., p. 231, pl. xxxui. figs. 1, 2; 
pl. xxxiv. fig. 1. 

1910. 5 - Gothan, in Potonié, Abbild. u. Beschreib. foss. Pflanzen, Lief. vii., No. 125, 
figs. 1—4a, 0. 

1912. . ‘3 Franke, Beitr. z. Kennt. d. paldoz, Arten v, Alethopteris u. Callipteridium, 


p. 57, figs. 1-4a, 0. 
1854. Alethopteris Serli, Geinitz (non Brongt.), Darst. d. Flora d. Hainichen Ebersdorfer Kohlenbassins, 
p. 44, pl. xiv. figs. 3, 4 (? fig. 5). 
Note.—Very rare. 
Horizons and Localities.— 
Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
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Alethopteris Serli Brongt., sp. 


1832 or 1833, Pecopteris Serlit, Brongt., Hist. d. végét. foss., p. 292, pl. Ixxxv. 
1837. a » L.& H,, Fossil Flora, vol. iii. pl. ccii- 
1886: Alethopteris Serli, Zeiller, Flore foss. bassin howil. d. Valen., p. 234, pl. xxxvi. figs. 1, 2; 
pl. xxxvii. figs. 1, 2. 
Note.—Very rare. 
Horizons and Localities.— 
Roof of Brooch Coal: Himley. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 


Alethopteris Grandini Bronet. 


1832 or 1833. Pecopteris Grandini Brongt., Hist. d. végét. foss., p. 286, pl. xci. figs. 1-4. 
1886. Alethopteris Grandini, Zeiller, Flore foss. bassin houtl. d. Valen., p, 227, pl. xxxviii. figs. 1, 2. 
1888. e 3 Zeiller, Flore foss. terr. houil. d. Commentry, prem. part, p. 203, pl. xxi. 
figs. 1-8. 
Note.—Very rare. 
Horizons and Localities. — we 
Blue Measures above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich. 
Roof of Brooch Coal: Holly Hall, near Dudley. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 


Alethopteris integra Gothan, sp. 


1906. Desmopteris integra, Gothan, in Potonié, Abbild. wu. Beschreib. foss. Pflanzen, No. 64, plate, and 
text-fig. 1. 

Description.—Frond probably large, tripinnate or possibly quadripinnate on lower 
primary pinne; rachis striated; ultimate pinne broadly linear-lanceolate, opposite 
or alternate, gradually contracting from the base upwards and terminating in a more 
or less blunt point; uppermost almost entire or bearing broad shallow blunt lobes ; 
lower, more or less deeply divided into pinnules. Pinnules opposite, oblong, decurrent, 
blunt, the basal pinnules united to each other for about 4 to 4 of their length; the 
upper pinnules become more and more united to each other until they assume the 
form of blunt lobes at the base of the oblong obtuse terminal pinnule. Nervation : 
central vein equidistant from margins, decurrent, flexuous, dividing into several 
branches before reaching the apex; lateral veins alternate, slightly flexuous, dividing 
1-3 times, rather distant; accessory simple or once-divided veinlets enter the 
pinnules from the rachis and extend into the lateral united portions of the pinnules. 


(Text-fig. 3.) 
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Remarks.—This species has some aftinity with Alethopteris Grandin Brongt., sp., 
but differs in its smaller pinnules, which are also more united amongst themselves. It 


Text-Fic. 3.—Alethopteris integra Gothan, sp. Natural size. 


Text-Fic. 4.—Alethopteris integra Gothan, sp. Pinnule enlarged 10 times to show the nervation, 


further differs from that species in the central vein of the pinnules, as well as in the 
lateral veinlets being somewhat flexuous and more distant. (Text-fig. 4.) 
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In Alethopteris Grandini, on the other hand, the veins are straight or only slightly 
curved. The general appearance of the two species is also dissimilar; the more united 
pinnules of Alethopteris integra impart a much denser character to the frond. 

With Alethopteris valida Boulay it has also a slight similarity, but from that it is 
distinguished by its smaller and very obtuse pinnules as well as by its somewhat 
flexuous veins. The general appearance of the two plants is also essentially distinct. 

_Alethopteris integra Gothan is apparently a rare species, and the only British 
example I have seen is that given here at text-fig. 3, natural size, and of which a pinnule 
is enlarged 10 times at text-fig. 4. Dr Goran, who has seen the fossil, agrees with 
me in its identification with his species. 

The specimen was collected by Mr H. W. Hucuss, F.G.S., to whom my thanks are 
due for the kind permission to describe and figure it here. 

Horizon and Locality.—Roof of New Mine Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 


Lonchopteris Brongniart. 


Lonchopteris rugosa. 


1835. Lonchopteris rugosa, Brongt., Hist. d. végét. foss., p. 368, pl. cxxxi. fig. 1. 
1886. re 54 Zeiller, Flore foss. bassin howil. d. Valen., p. 244, pl. xxxix. figs. 2, 3; 
pl. 1. figs. 3, 4. 


Note.—Rare. 
_ Horizons and Localities.— 
Roof of Brooch Coal: Russell’s Hall Colliery, Dudley. Collected by the late 
Sir J. Lunpy. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
Old Mine Fireclay = Roof of Stinking Coal: Docking-iron Pit, Delph, Brierley 
Hill. 


Odontopteris Brongniart. 


Odontopteris alpina Sternb., sp. 


1833. Neuropteris alpina, Sternb., Hssat flore monde prim., vol. ii. fasc. v.-vi. p. 75, pl. xxii. fig. 2. 
1855. Odontopteris alpina, Geinitz, Vers. d. Steinky. in Sachsen, p. 20, pl. xxvi. fig. 12, pl. xxvii. fig. 1. 


1901. < a Kidston, Proc. Yorks, Geol. and Polytech. Soc., vol. xiv. part 11. p. 196, 
pl. xxvii. figs. 1 and la. 
1904. op » Potonié (pars), Abbild, wu. Beschreib. foss. Pflanzen, No, 22, fig. 1. 


1870. Xenopteris alpina, Weiss, Zeitsch. d. deut. geol. Gesell., vol. xxii. p. 869. 

1843. Neuropteris conjflwens, Gutbier, in Geinitz and Gutbier, Gea v. Sachsen, p. 79. 

Remarks.—The South Staffordshire specimen is similar to that from Yorkshire which 
has been figured by me under the name of Odontopteris alpina, and agrees especially with 
the figure given by GrrniTz; only, my examples are a little smaller in all their parts. 


There is, [ think, room for doubt as to the specific distinction between Odontopteris 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 14 
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alpina and Odontopteris britannica Gutbier,* with which latter species my specimens 
agree more in size. 

At present it seems impossible to settle this point, but, as 1 have figured {+ the 
British species under discussion, paleeobotanists will easily recognise the plant which 
I have referred to Odontopteris alpina, and which species is of older date than 
Odontopteris britannica Gutbier, sp., with which it may possibly be synonymous. 

Poronih unites the Odontopteris genuina Grand’ Kury{ and the Odontopteris 
nervosa and Odontopteris densifolia Fortaine and White with Odontopteris alpina ; 
but these are certainly not the British plant, nor do they appear to be similar to the 
species he himself gives at fig. 1, under the name of Odontopteris alpina. 

Horizon and Locality—Ten - foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Neuropteris Brongniart. 


Neuropteris heterophylla Brongt. 
Pl. VIL. figs. 3, 4. 


1822. Filicites (Neuropteris) heterophyllus, Brongt., Class. d. végét. foss., p. 33, pl. ii. figs. 6a and 60. 
1830. Neuropteris heterophylla, Brongt., Hist. d. végét. foss., p. 243, pl. lxxi. and pl. xxii. fig. 2. 


1886. - os Zeiller, Flore foss. bassin houil. d. Valen., p. 261, pl. xliii. figs. 1, 2; 
pl. xliv. fig. 1. 

1904. i a Kidston, Phil. Trans., ser. B, vol. cxvii. p. 1, pl. i. figs. 1-9 ; text-fig. 1, 
p. 3. 

1911. 55 ‘ Kidston, Mém. Musée roy. @hist. nat. d. Belgique, vol. iv. p. 75, text- 


figs. 8, 9 (p. 72), fig. 10 (p. 73), fig. 11 (p. 74). 
1830. Newropteris Loshit, Brongt., Hist. d. végét. foss., p. 242, pl. lxxii. fig. 1, pl. xxiii. 
1869. 5 a Roehl, Flora d. Steink. Westph., p. 37, pl. xvii. 
1830. Cyclopteris trichomanoides, Brougt., Hist. d. végét. foss., p. 217, pl. xi. bis, fig. 4. 


Remarks.—Since preparing the original description of the fructification of 
Neuropteris heterophylla, \| some additional specimens have been collected by Mr 
H. W. Hucues, and two of these are described here, as they are more perfect than 
those first discovered. {| 

That shown on Pl. VII. fig. 3 has probably reached maturity. It is narrow oval, 
with a somewhat flattened base by which it is attached to the expanded apex of the 
rachis, from whose side springs a pinnule showing the typical form and nervation 
of the species. The cupular structure at the base of the seed is not so well seen 
in this example as in some of those previously figured, and especially those at figs. 
5 to 8 of the original paper. 

In the specimen here figured the stalk terminates in a solid conical expansion, 


* GurprEr, Abdr. u. Verstein. d. Zwick. Schwarz, p. 68, pl. ix. figs. 8-11; see also Gurnrrz, l.c., p. 21, pl. xxvi. 
figs. 8, 9. + Loe. cit. 

t Flore carbon. du départ. de la Loire, p. 115, 1877. ZELLER, Flore foss, terr. howil. d. Commentry, p. 219, pl. xxiv. 
figs. 1, 3; pl. xxv. figs. 1, 2 ; pl. xxxi. fig. 1. 

§ Forrainé and Wuire, Permian Flora, pp. 52 and 54, pl. x. figs. 1-8, 1880, || Phel. Trans, l.c., p. 1. 

‘| These two specimens are figured in Kipsron, Mém. Musée roy., l.c., text-figs, 8, 9. 
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which is well seen in the figure, and to which the seed is attached. The other half 
of the nodule shows a small foliar fragment which might be the remains of the cupular 
leaf that springs from the apparent margin of this basal cushion, as seen in figs. 6 
and 8 of the original paper. 

The seed, which is 5 cm. long and 2 cm. broad, gradually contracts into a micropylar 
beak, which is about 0°75 cm. long but may not be quite complete. 

The other example figured here on Pl. VII. fig. 4 is an immature individual 
2°02 cm. long and 0°80 cm. broad. The upper part of the seed is prolonged into a 


TEexr-Fic. 5.—Neuropteris heterophylla Brongt. Immature seed, enlarged 3 times. 


blunt micropylar beak, and the base is attached to a thickening very similar to that 
described above. To the side of the cushion which bears the seed is attached a foliage 
pinnule of the ordinary type. The specimen is seen enlarged 3 times at text-fig. 5. 
Neuropteris heterophylla is very common and widely distributed on the coal field. 
Horizons and Localities.—. 
Roof of Brooch Coal: Himley; Bilston ; Holly Hall, near Dudley. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 
Tipton ; Ettingshall; Cabbage Hall Pit; Doulton’s Clay Pit, Netherton. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
‘““ Whitestone” ; Race Course Pit, Round Oak. 
Roof of Stinking Coal: Clattershall Colliery, Brettell Lane. 
Roof of New Mine: Dibdale, near Gornal ; Doulton’s Clay Pit, Netherton. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 
a Immediately below Bottom Coal: Ruiton, near Sedgley. 


108 DR ROBERT KIDSTON ON THE 


Neuropteris tenuifolia Schl., sp. 


1820. Filicites tenuifolius, Schlotheim, Petrefactenkunde, p. 405, pl. xxii. fig. 1. 
1830, Newropteris tenuifolia, Brongt., Hist. d. végét. foss., p. 241, pl. Ixxii. fig. 3. 
1886. a & Zeiller, Flore foss. bassin houil. d. Valen., p. 273, pl. xlvi. fig. 1. 
Note.—This species seems to be rarer in the South Staffordshire Coal Field than 
one would naturally expect. This apparent rareness may be the accident of collecting. 

Horizons and Localities.— 

Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 

near Birmingham. Collected by Mr F. SrepHens. 
Roof of Brooch Coal: Tividale. 


Neuropteris gigantea Sternb. 


PL. VI. figs. 1 to 7. 


1823. Osmunda gigantea, Sternb., Essai flore monde prim., vol, i. fase. ii. pp. 32, 37, pl. xxii. 
1830. Neuropteris gigantea, Brongt., Hist. d. végét. foss., p. 240, pl. lxix. 


1832. . 3 L. & H., Fossil Flora, vol. i. pl. li. 

1886. 3 s Zeiller, Flore foss. bassin houil. d. Valen., p. 258, pl. xlii. fig. 1. 

1892. * " Potonié, ‘‘ Ueber einige Carbonfarne,” iii, Theil, p- 22, text-figs. 1-4; pl. ii. 
figs. 1, 2; pl. iii. figs. 1-4; pl. iv. figs. 1, 2 (Jahrb. d. kh, preuss. geol. 
Landesanstalt fiir 1891). 

1910. 93 5 Renier, Paléont. d. terr. howil., pl. c. 

1892. Newropteris Zeilleri, Potonié, ibid., pp. 22, 32, fig. 5. 

1899. 


Neuropteris pseudogigantea, Potonié, Lehrb, d. Pflanzenpal., p. 113, fig. 102. 


Remarks.—Dr Potonié has divided the plants which formerly were placed under 
Neuropteris gigantea Sternb. into two species, Neuropteris gigantea Sternberg and 
Neuropteris pseudogigantea (= Neuropteris Zealleri Potonié). The difference between 
these two “‘ species” he has given in tabular form, which I summarise here.* 


Neuropteris gigantea Sternb. 


Neuropteris Zeilleri Potonié (subsequently named 
by Poronii Neuropteris pseudogigantea (1.c.)). 


Pinnules. Pinnules. 
. Sickle-shaped, bent. 1. Quite straight (¢m ganzen gerade). 
2 Obliquely elongate, ovate cordate, narrowing | 2. Broadly linear, margins parallel. 
towards the apex. 

. In general longer than in Neuropteris Zeillert. 3. Length to about 25 millimetres. 

. Breadth (measured in the middle) in proportion | 4. Breadth in regard to the length in proportion of 
to the length as 1 to 3 or more, 1 to 24 or 24. 

. Middle nerve not observable. From below | 5. Middle nerve extending to above the centre of 
dividing into veinlets. At the most only a the pinnule, distinctly seen and marked by a 
feeble indication of a middle vein at the base of clear furrow ; mid-vein breaks up into veinlets 
the pinnule ; generally smooth without furrow ; about the middle of the pinnule. 
sometimes a furrow is weakly indicated. 

. Anastomoses between the veins not at all | 6. Anastomoses between the veins apparently more 
frequent. frequent. 


* Poronih, l.c., p. 31. 
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If these characters were constant, then there might be ground for the separation 
of Neuropteris gigantea Sternb. into the proposed two species; but unfortunately they 
appear to be very inconstant. 

Between the sickle-shaped and “straight” pinnules there is every graduation 
of form. In fact, the pinnules of Newropteris gigantea, to use the old name 
collectively, are extremely variable. Almost invariably the pinnules are slightly 
oblique—that is, one side is slightly convex and the other concave. This is seen in 
the figure given by ZEILLER,* which is the type of Neuropteris Zeillert ( = Neuropteris 
pseudogigantea) Potonié. In fact, a pinnule of “‘ Newropteris gigantea” with straight 
sides is very seldom seen. 

The pinnules of Neuropteris gigantea, like others of the genus, are articulated 
to the rachis, and, like our Osmunda regalis, seem to have been shed when the fronds 
ripened to decay. Hence it is comparatively seldom that one gets large specimens 
of this species showing the pinnules attached to the rachis. The much more common 
mode of occurrence is to find the isolated pinnules scattered over the surface of the 
shales containing them. 

Among these isolated pinnules it is easy to find connecting forms from Newropteris 
gigantea Sternb. to Neuropteris pseudogigantew Potonié. As far as the form of the 
pinnule is concerned, it seems impossible on this character to separate the “ species.” 
Even on the type-figure of StrrNBERG Tt some of the pinnules are falcate or sickle- 
shaped while others are straight, and a few “straight” pinnules also occur on the 
specimen figured by Poronié himself. { Accordingly, if you removed the pinnules from 
the rachis of these two specimens and scatter them on a slab, you would find both 
species represented. As to size, the pinnules vary much even on the same specimen. 

In regard to the nervation, neither is this constant in the two forms, for I possess 
a British specimen (No. 4519) which is typical in all respects with Newropteris gigantea 
Sternb. (Potonié), except that the mid-vein extends well up the pinnule and does 
not break up into veinlets at or near the base. I have also a specimen from Prussia 
showing the same character. An anastomosing of the veins I have never observed 
to occur in any form of Neuropteris gigantea. 

I have therefore failed to satisfy myself as to the specific value of Neuwropteris 
pseudogigantea Potonié, and therefore include it with Neuropteris gigantea Sternberg. 

Some specimens of Neuropteris gigantea from the South Staffordshire Coal Field 
are given on Pl. VI. figs. 1 to 7, and these illustrate the form almost invariably found 
there. All the examples shown on the Plate are preserved in ironstone nodules, and 
show the great beauty with which the details of structure can be preserved in 
this matrix. 

At fig. 1 a fragment of an ultimate pinna is given. This specimen would probably 
fall to be placed under the Neuropteris pseudogigantea Potonié by those who uphold 


* Flore foss. bassin houil. d. Valen., pl. xlii. fig. 1 ; well seen in fig la. 
ciple deexoxciis ap JPL, ib. 
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that species. The pinnules are slightly oblique, and a single pinnule of a similar form 
is given at fig. 2, enlarged 2} times to show the nervation. The central vein can 
be traced upwards from the base for about 4 the length of the pinnule, where it 
breaks up into diverging veinlets. This figure, as well as fig. 3, shows the pinne 
terminating in two little diverging pinnules, not in a single terminal pinnule as in 
almost all the other members of the genus At fig. 4 the rachis of the pinna is seen 
to bifurcate; and I have another small specimen from Elsecar Colliery, Wentworth, 
Yorkshire, which probably comes from the Barnsley Bed, Westphalian Series, which 
shows a double bifurcation of the rachis (K. 4019). 

Some Spiropteris conditions of the plant are given at figs. 5 to 7. That at fig. 5 
shows several pinnee partially inrolled, and much larger specimens in this state occur 
in the ironstone nodules of Coseley : one in my collection, No. 4011, is 18 cm. long, 
and shows many pinne partially developed. Less advanced stages of development 
are seen at figs. 6 and 7, all of which are sufficiently well preserved to admit of 
a satisfactory determination of the species. The most interesting point in the specimens 
is the presence of the thick covering of scales on the rachis, which must have been 
very fugaceous and slightly attached, as one almost never sees any cicatrices to 
indicate their former presence on the rachides of the developed pinne, though they are 
clearly shown on the specimen figured by Poronts on his pl. i.* 

Neuropteris gigantea Sternb. is very common in the South Staffordshire Coal Field. 

Horizons and Localities. — 

Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell Park, West Bromwich. 

Roof of Brooch Coal: Shut End; Bradley Colliery, Bilston; Holly Hall, 
near Dudley. 

Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 
Moxley, near Bilston. 

Immediately below Thick Coal: Yew Tree Colliery, Rowley Regis. 

“Old Clay” = Roof of Stinking Coal: The Delf, Brierley Hill. 

“ Whitestone” : Race Course Pit, Round Oak. 

Roof of New Mine: Merryhill Colliery, Mount Pleasant, Brierley Hill; Dibdale 
Colliery, near Gornal. 

- Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 

Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 

Roof of Bottom Coal: No, 120 Pit, Coneygre Colliery, Tipton. 

Immediately below Bottom Coal: Ruiton, near Sedgley. 


Neuropteris rarinervis Bunbury. 


1847. Neuropteris rarinervis, Bunbury, Quart. Journ. Greol. Soc., vol. iii. p. 425, pl. xxii. 
1886. 3 ss Zeiller, Flore foss. bassin houil. d. Valen., p. 268, pl. xlv. figs. 1-4 
1870. Neuropteris coriacea, Lesqx., Rept. Geol. Survey of LIllin., vol. iv. p. 387, pl. viii. figs. 7, 8, 


* Loc. cit. 
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Note.—Rare. 
Horizons and Localities. — 
Shale, thuty yards above Thick Coal: Hamstead Colliery, Great Barr, near 
Birmingham. 
Immediately below Bottom Coal: Ruiton, near Sedgley. 


Neuropteris Grangeri Brongt. 


1830. Neuropteris Grangert, Brongt., Hist. d. végét. foss., vol. i. p. 237, pl. Ixviii. fig. 1. 


1879. * i Lesqx., Coal Flora, p. 105, pl. xiii. fig. 9. 
“1890. 5 3.3 Zeiller, Flore foss. d. bassin houil. et perm. d’Autun et d’Epinac, p. 145, 
pl. x1. fig. 6. 


Note.—Very rare. 
Horizons and Localitves.— 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 


Neuropteris Schlehani Stur. 


1877. Neuropteris Schlehant, Stur, Culm Flora, Heft ii., p. 289, pl. xxviii. figs. 7, 8a, 0, ¢. 

1886. +s ‘ Zeiller, Flore foss. bassin houil. d. Valen., p. 280, pl. xlvi. fig. 3; pl. xlvii. 
figs. 1, 2. 

1879. Neuropteris Hlrodi, Lesqx., Coal Flora, vol. i. p. 107, pl. xiii. fig. 4. 

1877. Neuropteris Diuhoschi, Stur, ibed., p. 289, pl. xxviii. fig. 9. 


Note.—This species, which is so common in some of the Continental coal fields of 
Westphalian age, is undoubtedly a very much rarer species in Britain. 
Horizons and Localities.— 
Brooch Coal Binds: Oldbury. 
Shale above Thick Coal: Dudley. 
Roof of Bottom Coal: Tipton. (British Museum, No. 52,775 and v. 1301.) 


Neuropteris obliqua Brongt., sp. 


1832. Pecopteris obliqua, Brongt., Hist. d, végét. foss., p. 320, pl. xevi. tgs. 1-4. 
1886, Neuropteris obliqua, Zeiller, Flore foss. bassin houil. d. Valen., p. 284, pl. xlviii. figs. 1-7. 
Ko. 5 Kidston and Jongmans, “Sur la fructification de Newropteris obliqua 
Brongt.,” Archives Néerland. d. Sciences ewactes et nat., sér. iii., B, vol. 1. 
p. 25, pl. 
1903. Newrodontopteris impar, Weiss, MS., in Potonié, “ Uber einige Carbonfarne,” iv. Theil, p. 1, 
pl. i. (Jahrb. d. kénigl. preuss. geol. Landesanst. fiir 1902). 
1836. Neuropteris heterophylla, L. & H. (non Brongt.), Fossil Flora, vol. iii. pl. clxxxiil. 
1886. Newropteris acuminata, Zeiller (non Schloth.), Flore foss. bassin houil. d. Valen., p. 255, pl. xli. 
fig. 4. 
1911. Neuropteris impar, Kidston, Mém. Musée roy. Whist. nat. de Belgique, vol. iv. p. 83, pl. viii. 
figs. 1, la, 2, 3, 3a. 
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Remarks.—A polymorphic species, of which the seed is very similar in size and 
external characters to that of Neuropteris heterophylla Brongt. It would, in fact, be 
very difficult, if even possible, to allocate to their respective species the seeds of these 
two Pteridosperms, if separated from branches bearing their distinctive foliage. 

Both the obliqua and wmpar form of the plant occur in this coal field. 

Horizons and Localities, — 

Blue Measures, six feet above.Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr H. Instey. 

Brooch Coal Binds: Oldbury. 

Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 


Neuropteris Osmunde Artis, sp. 


1824. Filicites Osmundz, Artis, Antedil. Phyt., p. 7, pl. vii. 

1829. Neuropteris auriculata, Brongt., Hist, d. végét. foss., vol. i. p. 236, pl. Ixvi. 

1844, 5 Germar, Vers. d. Steink. v. Wettin u. Lobejun, p. 9, pl. iv. 

1893. Waurcdoutontns auriculata, Potonié, Flora d. Rothl. v. Thiiringen, p. 124, pl. xvi. figs. 1, 2. 
1830. Neuropteris Villiersit, Brongt., Hist. d. végét. foss., p. 233, pl. Ixiv. fig. 1. 


Note.—Not common. 
Horizons and Localities.—Ten-foot Ironstone Measures : Tipton ; Clayscroft 
Openwork, near Dudley ; Kttingshall. 


Neuropteris Scheuchzeri Hoffman. 
1826. Neuropteris Scheuchzert, Hoffm., in Keferstein’s Teuchland geognostisch dargestellt, vol. iv. 
p. 156, pl. i. 0 figs. 1-4, 
1886, i 43 Zeiller, Flore foss. bassin houtl. d. Valen., p. 251, pl. xli. figs. 1-3. 
1888. 99 Kidston, Trans. Roy. Soc. Edin,, vol. xxxiii. p. 356, pl. xxiii. figs. 1, 2. 
1830. Nearnens angustifolia, Brongt., Hist. d. végét. foss., p. 231, pl. Ixiv. figs. 3, 4. 
1832. Neuropteris cordata, L. & H. (non Brongt.), Fossil Flora, vol, i. pl. xli. 
1858. Neuropteris hirsuta, Lesqx., in Rogers, Geol. of Pennsyl., vol. 11. p. 857, pl. iii. fig. 6, pl. iv. 
figs. 1-16. 
1879. _ a Lesqx., Coal Flora, p. 89, pl. viii. figs. 1, 4, 5, 7, 9, 12. 


Note.—Not common. 
Horizons and Localities.— 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr H. Instry. 
Roof of Brooch Coal: Himley. 
Immediately below Bottom Coal: Ruiton, near Sedgley. 


Neuropteris Carpentieri Kidston, n. sp. 
Pl, VIII. figs. 1-7. 


1911. Potoniea aff. adiantiformis, Carpentier (non Zeiller), “ Sur quelques fructifications et inflorescences 
du Westphalien du Nord de la France,” p, 13, pl. xvi. figs, 2, 3 (Revue générale de bot., 
vol, xxiii.). 

1911. Potoniea advantiformis, Carpentier (non Zeiller), ibid., p. 13, pl. xvi. fig. 1 (fig. 2 2). 
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Description.—Frond probably of large size. Ultimate divisions of frond with thick, 
strong, striated rachis, each of which terminates in a sub-cyclopteroid pinnule of thick 
substance whose ventral surface shows, when the upper layer bearing the sporangia has 
been removed, the entrance of several strong veins from the rachis into the pinnule, 
which radiate from the base and dichotomise two to three times in their course to the 
margin. Upper or adaxial surface of pinnule bearing densely packed, narrow, elongated 
microsporangia about 4 mm. long and about 0°5 mm. broad. Microspores small, 
round or somewhat oval, averaging from m 45 to » 60 in diameter. Sterile pinnule 
neuropteroid, terminating a short thick rachis, from which two veins seem to enter the 
pinnule that give off dichotomously divided lateral veinlets, and in the upper part break 
up into several branchlets. 

Remarks.—-Several specimens of this fossil are given on Pl. VIII. That seen at 
fig. 4 is the largest specimen met with, but the rachis is only seen at the upper part. 
Here it is 2'5 mm. wide immediately below its attachment to the pinnule. The upper 
part of this specimen is enlarged 2 times at fig. 4a, to show the striated rachis caused 
by numerous Myelopteris-like veins which pass up it to enter the cyclopteroid pinnules. 
This example shows the ventral aspect of the pinnule, from which the sporangia have 
been removed, along with the layer to which they were attached, by adherence to the 
other half of the nodule; and a similar condition occurs on the other pinnules seen on 
this specimen. In almost all cases the fracture of the stone passes underneath the 
layer bearing the sporangia, which adhere to the counterpart of the fossil and there 
exhibit the under surface of the layer to which they are attached. 

At fig. 1 the pinnule ‘is bent up and also shows its ventral aspect. This figure 
might give the idea that this pinnule was peltate, but the petiole joins on to the basal 
margin of the pinnule, whose more distal portion is curiously bent up and partially 
buried in the matrix. 

Fig. 2 shows natural size the ventral view of two pinnules which terminate a 
dichotomy ; that at a is incomplete, the upper portion being broken off, while that at b 
probably shows the complete pinnule, or only a small part of the upper margin is 
missing. Another pinnule is given at fig. 6, enlarged 2 times. This also terminates 
one branch of a dichotomy, but only a small portion of the corresponding pinnule is 
visible. This, | am inclined to think, is a sterile pinnule, not one whose ventral surface 
has become exposed by the removal of the sporangial layer, and illustrates one of those 
intermediate forms between the sterile and microsporangiate cyclopteroid pinnules, 
A further stage of transition from the cyclopteroid to the normal Neuropteroid pinnule 
is seen on the specimen shown at fig. 7, where the fossil is given natural size, but the 
details of the structure are better seen at fig. 7a, which is enlarged 2 times. Here 
the pinnule lettered @ is that seen at a, fig. 7. The upper portion of this pinnule is 
unfortunately broken over, but the portion preserved is typical of an ordinary sterile 
pinnule of Newropteris. Two veins appear to enter it, but this is no very unusual 


character, as normally more than one vein enters the pinnules of Newropteris ovata 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 15 
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and Neuropteris obliqua and probably other species; but this condition can only be 
observed in favourably preserved specimens. The evidence, then, for referring these 
specimens to Newropteris seems to be fairly conclusive. 

Let us now turn to the specimen given at figs. 5a and 5b. These show the two 
halves of the same nodule, enlarged 2 times. At fig. 5a we are looking at the upper 
surface of the pinnule, from which the cushion on which the sporangia sat has been torn 
off. The under surface of this cushion is seen at a, fig. 5b; and the part lettered a’ on 
the same figure is a piece of the pinnule broken off a, fig. 5a, and is not sporangial. 
At b and ¢, fig. 5b, parts of the pinnule also are seen. On no part of this specimen are 
any sporangia visible, as far as I can observe. 

The only specimen which clearly shows the sporangia is that seen at figs. 3a and 3b, 
of which both halves of the nodule are given, enlarged 2 times. Here we are looking 
down upon the upper surface of the sporangial disc. At fig. 3a they are much flattened 
and displaced, but at @ on fig. 3b they are seen distinctly extending past the margin of 
the disc. The greater part of the surface of this specimen exhibits small hummocky 
roughnesses. These, I believe, are the points from which sporangia have been removed, 
and which now adhere in a crushed condition to the surface of the other half, fig. 3a. 

Some of the specimens, when split open, contained some portions of the plant in a 
carbonaceous condition adhering to the impression. Some of this material was treated 
by the maceration process, and numerous spores were obtained from both the specimens 
so examined, some of which are seen at Pl. VIII. fig. 8. This clearly proved the 
sporangial nature of the bodies seen on the specimen given at figs. 8b and 3a, The 
spores show a triradiate ridge, fig. 8a. 

That the fossils just described are the microsporangial organs of a Newropteris can 
scarcely be doubted, but it is impossible to determine the species to which they belong ; 
for though at a on fig. 7a there is clearly a Neuropteroid pinnule, it is so closely 
associated with the fertile pinnules that it probably does not represent the true form 
and arrangement of the veins in the sterile pinnules. Several species of Newropteris 
occur at the same locality and on the same horizon, and of these Neuwropteris 
heterophylla and Neuropteris gigantea were extremely common. ‘That our specimens 
do not belong to Neuropteris heterophylla is seen from the much more delicate 
structure of the petioles on the probable but imperfectly preserved microsporangial 
specimen I figured some years ago.* 

On the other hand, there is no satisfactory evidence for referring these micro- 
sporangia to Newropteris gigantea, though pinnules of this species sometimes occur in 
the same nodules, as their presence there is possibly merely an accidental association. 
I therefore apply a new specific designation to these fossils, and have pleasure in 
naming them after M. Abbé Carpentier, who was the first publicly to call the 
attention of botanists to them. In his paper describing them he mentions the original 
MS. name, Cupulina filicoides, which 1 applied to these fossils, but this I suppress for 


* Trans. Roy. Soc, Edin., vol. xxxiii. p. 150, pl. viii. fig. 7, 1887. 
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the name given above, as since that provisional name was proposed I now feel satisfied 
that the fossils belong to the genus Neuropteris. 

Of the specimens figured by the Abbé Carpentier, that given on his pl. xvi. fig. 1 
at b, which he refers to Potoniea adiantiformis Zeiller, and those he gives as doubtful 
at figs. 2 and 8, are certainly the same plant as that described here. 

In Potoniea Zeiller * the pinnules are cuneate like those of Adiantum, with delicate 
foot-stalks, not cyclopteroid and attached to a very thick rachis; and, more important, 
the sporangia in Potoniea seem to be confined to the margins, not covering the whole 
upper surface of the pinnules as in Newropteris Carpentieri, where the sporangial 
pinnules must have had a very similar appearance to a hair-brush if we turn it upside 
down, the bristles representing the sporangia and the handle the petiole. 

Neuropteris Carpentiert in some states of preservation has a slight resemblance to 
Dictyothalamus Schroliianus Gopp.,t+ but the apparently distichous arrangement of the 
“buds” on that fossil to a common axis indicates an entirely different class of plant, 
and one which does not appear to have any affinity to the Pteridosperms with which 
undoubtedly Newropteris Carpentier has. 

All the figured specimens have been collected by Mr H. W. Hucuzs, F.G.S. 

Horizon and Localities. —Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley ; Ettingshall. 


Neuropteris sp. 


Remarks.—Specimens of a Newropteris have been found at Sandwell by Mr H. W. 
Hvueuers which have somewhat the form of Neuropteris tenuifolia, but with a much 
wider nervation and the pinnules more distant. 

Horizon and Locality.—Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell 
Park, West Bromwich. 


Aphlebia Presl. 


Aphlebia crispa Gutbier. 


1835. Fucordes crispus, Gutbier, Abdr. u. Verst. d. Zwick. Schwarzkohl, p. 13, pl. i. fig. 11 (2 pl. vi. 
fig. 18). 

1886. Aphlebia crispa, Zeiller, Flore foss. bassin houil. d. Valen., p. 304, pl. li. figs. 1, 2. 

1855. Schizopteris lactuca, Geinitz, Vers. d. Steinkf. in Sachsen, p. 19, pl. xxvi. figs. 1. 

1869. i 7, Roehl, Foss.-Flora d. Steink. Form. Westph., p. 47, pl. xviii. 

1869. Rhacophyllum lactuca, Schimper, Traité d. paléont. végét., vol. i. p. 684, (1 pl. xlvi. fig. 1), 
pl. xlvii. fig. 1 (non fig. 2). 


Note.—Very rare. 
Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


* “Flore foss. bassin houil. d’Héraclée,” p. 52, Mem. Soc. géol. d. France: Paléont. Mém., No. 21, 1899. 
+ Perm. Flora, p. 164, pl. xxiv. figs. 4-6, pl. xxv. figs. 1-4. 
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Aphlebia sp. 
1835. Fucoides filiciformis, Gutbier (pars), Ver, d. Zwick. Schwarzk., p. 11, pl. i. fig. 6 (non figs. 3, 6, 
28; 13); 

Remarks.—Under the name of Fucoides filiciformis, GUTBIER appears to have 
included more than the remains of one species. That given at his fig. 6, pl. 1., seems 
to be quite distinct from those forms usually included under the name of Aphlebia 
filiciformis, and to which perhaps most, if not all, of his other figures belong. 

To this fig. 6 I refer a small specimen contained in an ironstone nodule, which, 
though not too distinctly preserved, shows the slender ramification of this figure ; but 
until better examples are discovered it is suflicient to record it provisionally under 
Aphlebia sp. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Spiropteris. 
1869. Schimper, Traité d. paléont. végét., vol. 1. p. 688. 


Spiropteris sp. 
Pl. VI. figs. 8, 9, and 9a. 


Remarks.—This name has been proposed by ScuimpeEr, not in the sense of a genus, | 
but as a convenient designation under which may be placed circinately coiled fronds of 
ferns or fern-like plants or specimens of fronds that are not fully developed, but which 
may be of themselves interesting, though they cannot be identified with any definite 
species. Such specimens of Sprropteris sometimes show the dichotomy of the petiole 
and the presence of hairs or scales that are produced for the protection of the growing 
parts, but which are usually shed at an early period of the fronds’ development, and 
often leave no trace of their former presence, as is usually the case in Newropteris 
gigantea Sternb., where, as already mentioned, the rachis in the early condition bears a 
dense covering of scales, but which when shed seldom ever leave any scars to attest 
their former presence.” 

Two specimens of Sprropteris are given on Pl. VI. figs. 8-9. Fig. 9 shows natural 
size a complete young frond with a very thick petiole, bearing transverse scars probably 
left by fallen scales. At the top, the petiole bifurcates into two circinately coiled 
branches which bear the circinately coiled pinne. The upper part of this fossil is seen 
enlarged 2 times at fig. 9a. Another specimen is given at fig: 8. Here also the 
petiole dichotomises, and is seen to be marked with close transverse scars and divided 
into two arms which in turn bear primary pinne, and these again secondary pinne, all 
more or less circinately coiled. 

* See Pl. VI. figs. 7a, b, c. 
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That shown at fic. 8 was collected by Mr H. W. Hucues, and that at fig. 9 by 
Mr W. Mavetey, and I am indebted to these two friends for the interesting 
specimens. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Fiquisetaceee. 
Hquisetites Sternberg. 
_ Equisetites Hemingwayi Kidston, sp. 


1892. Hquisetum Hemingway, Kidston, Ann. and Mag. Nat. Hist., p. 138, figs. a, b. 
1898. Hawisetites Hemingwayt, Seward, Fossil Plants, vol. i. p. 263, fig. 57a. 


1901. 5 3 Kidston, Proc. Yorks. Geol. and Polyt. Soc., vol. xiv. p. 198, pl. xxxiv. 
fig. 3. 
1911. 5 "3 Jongmans, Anleit. Karbonpflanzen West-Europas, p. 30, figs. 35 and 37. 


Note.—Very rare. I have only seen a single specimen of Hquisetites Hemingwayi 
from this coal field. 


Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Calamites Suckow. 


Calamites Suckowi Bronet. 


1828. Calamites Suckowt, Brongt., Hist. d. végét. foss., p. 124 (pl. xiv. fig. 6%), pl. xv. figs. 1-6 ; pl. xvi. 
(fig. 12) 2, 3, 4. 


1876. . 53 Weiss, Steinkohlen Calamarien, part i. p. 123, pl. xix. fig. 1; part ii, 1884, 
pal29> pli. dig. ls pl. a figs. 2, 3; pl. iv. fig. 1; pl..xvit. fig. 5; 
pl. xxvii. fig. 3. 

1886. 5 ‘ Zeiller, Flore foss. bassin houtl. d. Valen., p. 338, pl. liv. figs. 2, 3; pl. lv. 


fig. 1. 
Note.—Common. 
Horizons and Localities. — 
Above Brooch Coal: Oldbury ; Himley ; Shut End, near Kingswinford ; Holly 
Hall, near Dudley. 
Shales, thirty yards above Thick Coal: Hamstead Colliery, Great Barr, near 
Birmingham. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Immediately below Thick Coal: Yew Tree Colliery, Rowley Regis. 
White Ironstone: Sandwell Park Colliery, West Bromwich. 
Roof of Bottom Coal: No. 120 Pit, Coneygre Colliery, Tipton. 
a Parkfield, near Wolverhampton. 
2 Russell’s Hall, Dudley. 
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Calamites Cisti Brongt. 


1828. Calamites Cistii, Brongt., Hist. d. végét. foss., p. 129, pl. xx. 
1886. e 5 Zeiller, Flore foss. bassin howil. d. Valen., p. 342, pl. lvi. figs. 1, 2. 


Note.—Not very common. 
Horizon and Localities.—Roof of Brooch Coal: Oldbury, near Dudley; Shut 
End, near Kingswinford ; Pensnett. 


Calamites undulatus Sternb. 


1826. Calamites undulatus, Sternb., Essai flore monde prim., vol. i. fase. iv. p. 263 vol. ii. fase. v.-vi. 
p. 47, pl. i. fig. 2 (? pl. xx. fig. 8). 

1828. ‘ “ Brongt., Hist. d. végét. foss., p. 127, pl. xvii. figs. 1-4. 

1886. 3 9 Zeiller, Flore foss. bassin houtl. d. Valen., p. 338, pl. liv. figs. 1 and 4. 

Note.—This plant, usually so common, I have only received from a single locality. 
This apparent rareness of Calamites undulatus in the South Stafford Coal Field may 
possibly arise from the plant having been passed over in collecting. 

Horizon and Locality.—Roof of Brooch Coal: Shut End, near Kingswinford. 


Calamites Waldenburgensis Kidston. 


1828. Calamites approximatus, Brongt. (non Schl.) (pars), Hist. d. végét. foss., p. 133, pl. xxiv. figs. 2, 3 


(? figs. 4, 5). 

1855. re = Geinitz (pars), Vers. d. Steinkf. in Sachsen, p. 7, pl. xi. fig. 5, pl. xii. 
fig. 3. 

1887. . * Stur (pars), Calamarien d. Carbon-Flora d. Schatz. Schichten, p. 119, 


pl. v. fig. 3, pl. viii. fig, 4. 

1893. Calamitina approximata, Kidston, Trans. Roy. Soc. Hdin., vol. xxxvii. p. 311, pl. ii. figs. 5, 6. 
1903. Calamites Waldenburgensis, Kidston, Trans. Roy. Soc. Edin., vol. xl. p. 789. 
TONE ~ 5 Jongmans, Anleitung, vol. i. p. 57, figs. 65, 66. 
Note.—Rare. 
Horizons and Localities.— 

Ten-foot Ironstone Measures : Cabbage Hall Pit, Netherton. 

Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, near Dudley. 

Below Bottom. Coal: Ruiton, near Sedgley. 


Calamites Schutzei Stur. 
1887. Calamites Schutzet, Stur, Calamarien d. Carbon-Flora d. Schatz. Schichten, p. 131, pl. iii. figs. 2, 
26; pl. iv.; pl. iv.d, fig. 1; pl. xvii. fig. 2; text-figs, 33-38. 
Note.—Rare. 


Horizon and Locality.—Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 
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Calamites ramosus Artis. 
1825. Calamites ramosus, Artis, Antedil. Phyt., pl. il. 


Note.—Frequent. 

Horizons and Localities. — 
Roof of Brooch Coal: Oldbury ; Shut End, near Kingswinford. 
Brooch Binds Ironstone: Pensnett; Himley. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, near Dudley. 
Below Bottom Coal: Ruiton, near Sedgley. 


Calamites Britannicus Weiss. 
1888. Hucalamites (Calamites) Britannicus, Weiss, Ann. and Mag. Nat. Hist., ser. 6, vol. ii. p. 131, 
pl. vii. 
1911. Calamites Britannicus, Jongmans, Anleitung, p. 123, fig. 118. 


Note.—Very rare. Only a single specimen of this species has been found by 
Mr C. BEALE in 1888. 

GEINITZ unites this species with his Calamitina oculata, but I believe the two 
species are quite distinct.* 


Horizon and Locality.—Above Thick Coal: Shut End near Kingswinford. 


Calamites sp.: Rhizomatic tuber. 
Pi IX. fig. 2. 


Remarks.—A rhizomatic tuber of-a Calamite is shown on Pl. IX. fig. 2, natural size. 
These tuberous structures, though well known to occur on some species of Hquwisetum, 
have not been previously known to occur on Calamites, as far as | am aware. ‘The 
specimen, which is preserved in an ironstone nodule, shows an inflation of the rhizome 
about 2°50 cm. long and 1 cm. wide at its centre. The tuber consists of three 
internodes, measuring respectively 1°30 cm., 0°70 cm., and 0°50 em., of which the 
centre internode is the widest; the two end ones narrow into the rhizome, which, 
where they join it, is about 8 mm. wide. At one end of the fossil only one internode 
of the rhizome is preserved, which is apparently incomplete, but measures 1 cm. in 
length. At the other end the rhizome decreases quickly in width and is much 
thinner, and contains seven very short internodes. Both the tuber and rhizome are 
distinctly ribbed, and rootlets are given off from all the nodes. 

This interesting specimen was collected by Mr H. W. Hucues. 


Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
- Coseley, near Dudley. 


* GriniTZ, “ Die Calamarien der Steinkohlen-Formation u. d. Roethl. in Dresdener Museum,” Mitt, kongl. Miner.- 
Geol. u. Prachis. Museum im Dresden, Vierzehntes Heft, p. 12, pl. i. figs. 1, 2, 1898. 
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Asterophyllites Brongniart. 


Asterophyllites equisetiformis Schl., sp. 


1804. Schlotheim, Flora d. Vorwelt, p. 30, pl. i. figs. 1, 2; pl. il. fig. 3. 
1820. Casuarinites equisetiformis, Schloth., Petrefactenkunde, p. 397. 
1828. Asterophyllites equisetiformis, Brongt., Prodrome, p. 158. 


1845. 5 43 Germar, Vers. v. Wettin wu. Libejun, p. 21, pl. viii. 
1886. 5 Es Zeiller, Flore foss. bassin houil. d. Valen., p. 368, pl. lviii. figs. 1-7. 
TY ~ Jongmans, Anleitung, i. p. 204, figs. 163-168. 


1869. Calamocladus peenforae Schimper, Travté d. paléont. végét., vol. i. p. 324, pl. xxii. figs. 1, 2, 3. 
1836. Hippurites longifolia, L. & H., Fossil Flora, vol. iii. pls. exe., exci. 
1876. Calamostachys, Boulay, apr, houtl. du Nord de la France et ses végétaux foss., p. 24, pl. i. 
figs. 2, 2 bis. 
1876. Calamostachys germanica, Weiss, Steink. Calamar., part i. p. 47, pl. xvi. figs. 3, 4. 
Note.—Very plentiful. Both sterile branchlets and cones. 
Horizons and Localities. — 
Blue Measures, above Brooch ‘Coal: Jubilee Pit, Sandwell Park, West 
Bromwich ; Hamstead Colliery, Great Barr, near Birmingham. 
Roof of Brooch Coal: Himley; Shut End; Pensnett; Bilston; Holly Hall, 
near Dudley. 
Brooch Binds Ironstone: Pensnett. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 
Kttingshall. 
Heathen Coal: Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton ; 
Ruiton, near Sedgley. 


Asterophyllites longifolius Sternb., s 


1826. Bruckmannia longifolia, Sternb., Lssat flore monde prim., vol. i. fasc. iv. p. xxix and p. 50, pl. 


lviii. fig. 1. 
1828. Asterophyllites longifolia, Brongt., Prodrome, p. 159. 
1831. . a L. & H., Fossil Flora, vol. i., pl. xviii. 
1888. Asterophyllites longifolius, Zeiller, Flore foss. bassin houtl. d. Valen., p. 374, pl. lix. fig. 3. 
1911. re i Kidston, Mém. Musée roy. @hist. nat. de Belgique, vol. iv. p. 118. 
WGI ss 7 Jongmans, Anlettung, vol. 1. p. 214, figs. 175-177. 


Note.—Very rare. 
Horizon and Locality.—Ten - foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Asterophyllites grandis Sternb., s 


1826. Bechera grandis, Sternb., Essai flore monde prim., vol. i. fase. iv. pp. xxx and 46, pl. xlix. fig. 1. 
1836. 5 BS L. & H., Fossil Hora, vol. iii., pl. clxxiii. (non vol. i., pl. xix. fig. 1). 

1886. Asterophyllites grandis, Zeiller, Flore foss. bassin houil. d. Valen., p. 376, pl. lix. figs. 4-7. 
1911. . - Jongmans, Anlettung, vol. 1, p. 224, fig. 185. 
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Note.—Rare. 
Horizons and Localities. — 
Brooch Binds Ironstone: Pensnett. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 


Asterophyllites chareeformis Sternb., sp. 


1826. Bechera charzformis, Sternb., Essai flore monde prim., vol. i. fasc. iv. p. xxx, pl. lv. fig. 3 


(? fig. 5). 
1845. Asterophyllites chareformis, Unger., Syn. plant. foss., p. 33. 
WOT. ae 55 Kidston, Mém. Musée roy. @hist. nat. de Belgique, p. 119, pl. xi. 
figs. 2, 3, 3a, 4, 5. 
1911. ss Ne Jongmans, An/eitung, vol. i. p. 232, figs. 190, 191. 


Note.—Not very common. 
Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Annularia Sternberg. 
Annularia radiata Brongt. 


1822. Asterophyllites radiatus, Brongt., Class. d. végét. foss., p. 35, pl. ii. figs. 7a and 7. 
1826. Annularia radiata, Sternb., Hssai flore monde prim., vol. i. fase. iv. p. 31. 


1886. a »,  Geiller, Flore foss. bassin houtl. d. Valen., p. 394, pl. lix. fig. 8, pl. xi. 
hes, 1, 12. 
1911. 5 »  Jongmans, Anleitung, vol. i. p. 252, figs. 206-208 (? fig. 209). 


Note.—Common. Under this name are included the foliage branches of Calamites 
ramosus Artis, but most probably also those of other species. 
Horizons and Localities. — 
Roof of Brooch Coal: Shut End, near Kingswinford ; Holly Hall, near Dudley. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 
Kttingshall. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, near Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 


Annularia galioides L. & H., sp. 


1804. Parkinson, Organic Remains, vol. i. pl. v. fig. 1. 

1832. Asterophyllites galioides, L. & H., Fossil Flora, vol. i. p. 79, pl. xxv. fig. 2. 

1893. Annularia gulioides, Kidston, Trans. Roy. Soc, Edin., vol. xxxvii. p. 317, pl. ii. fig. 4. 

1899. ' . Zeiller, Etude sur la flore foss, d. bassin howil. d’Héraclée, p. 63, pl. v. 
figs. 16, 17. 
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1886. Annularia microphylla, Zeiller (non Sauveur), Flore foss, d. bassin houtl. de Valen., p. 392, 
pl. Ix. figs. 3, 4. 


1887. 3 " Stur (non Sauveur), Calamaraen d. Carbon-Flora d. Schatzlarer Schichten, 
p. 211, pl. xiv. figs. 8, 9; pl. xv.d, fig. 2. 
1907. * 3 Zalessky (non Sauveur), Bull. Comité géol. (St Pétersbourg), vol. xxvi, 


p: 429, pl. xviii. fig. 3. 
1869. Annularia minuta, Wood, Trans. Amer. Phil. Soc., vol. xiii. p. 347, pl. viii. fig. 2. 
1884. < »  Lesqx., Coal Flora, vol. iii. p. 725, pl. xcii. fig. 8. 


Remarks.—Until quite recently I believed that Annularia microphylla Sauveur * 
was synonymous with the Annularia galoides L. & H., sp. In this view I think 
I have been mistaken, and now identify as SauvEvrR’s plant specimens that have been in 
my collection for some years, and which have been derived from different localities, but 
which I had hitherto failed to identify. 

It may be stated here that in Annularia nucrophylla Sauveur the leaves are 
sickle-shaped and much narrower in proportion to their length than those of Annularia 
galiordes L. & H., sp. 

Annularia macrophylla Sauveur does not occur in this coal field, so a description 
of that plant is given in an Appendix to this paper, along with figures for comparison 
with Annularia galioides L. & H. 

All the plants which in the past I have recorded under the name of Annulania 
galiordes do, however, belong to that species, which is not common in the South 
Staffordshire Coal Field. : 

Horizons and Localities.— 

Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 
Roof of Thick Coal: Bradley Colliery, Bilston. 


Annularia sphenophylloides Zenker, sp. 


1833. Galiwm sphenophylloides, Zenker, Neues Jahrb., p. 398, pl. v. figs. 6-9. 
1837. Annularia sphenophylloides, Gutbier, Isis, p. 436. 


1882. ss > Sterzel, Zettsch. d. deut. geol. Gesell., vol. xxxiv. p. 685, pl. xxvilil. 
figs. 1-10. 

1886. 5 5 Zeiller, Flore foss. bassin howil. d. Valen. p. 388, pl. lx. figs. 5, 6. 

1911. “5 - Jongmans, Anleitwng, vol. i. p. 260, figs. 211, 212. 


1887, Annularia sarepontana, Stur, Calamarien d. Carbon-Flora d. Schatzlarer Schichten, p. 221, 
pl. xiii.d, fig. 1; pl. xiii.b (d7s), fig. 1. 
Cones. 
1876. Stachannularia calathifera, Weiss, Steink. Calamarien, Heft i. p. 27, pl. iii. fig. 11. 
1884. Calamostachys, cf. calathifera, Weiss, ibid., Heft ii. p. 178. 
Note.—Very rare. 
Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


* Vege. foss. d. terr. howil. d. Belgique, pl. lxix. fig, 6, 1848. 
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Annularia stellata Schl., s 
Pl. IX. figs. 1 and la. 


1804. Schlotheim, Flora d. Vorwelt, p. 32, pl. i. fig. 4. 
1820. Casuarinites stellatus, Schloth., Petrefactenkunde, p. 397. 
1860. Annularia stellata, Wood, Proc. Acad. Nat. Sciences Phil., p, 236. 


1886. on Rs Zeiller, Flore foss. bassin houtl. d. Valen., p. 398, pl. 1xi. figs. 3-6. 
1911. a Jongmans, Anleitung, vol. i. p. 238, figs. 193-196, 200-203. 
1845. ata longifolia, Germar, Vers. v. Wettin u. Lobejun, p. 25, pl. ix. figs. 1-4. 
Cones. 
1826. Bruckmannia tuberculata, Sternb., Hssat flore monde prim., vol. i. fasc, iv. pp. 45 and xxix, 


pl. xlv. fig. 2. 
1876. Stachannularia tubereulata, Weiss, Steinkohlen Calamarien, Hefti. p. 17, pl. i. figs. 2-5, pl. ii. 
figs. 1-3 and 5 (left-hand figure), pl. iii. figs. 3-10, 12. 

1884. Calamostachys (Stachannularia) tuberculata, Weiss, ibid., Heft ii. p. 178. 

Remarks.—The largest whorls of leaves on this specimen are only 1°30 cm. in 
diameter, but notwithstanding their comparatively small size I have no hesitation 
in referring the fossil to Annularia stellata. ‘The specimen is shown natural size 
on Pl. [X. fig. 1, and a portion enlarged 2 times at fig. la. The leaves are lanceolate 
spathulate and single-veined. Their widest part is about 3 of their length from the 
base, and they terminate in subacute or blunt points. They agree in form perfectly 
with the leaves of Annularia stellata Schl., sp., and only differ in size. This, however, 
may be explained by the specimen having occupied a position near the termination 
of a branch, or even possibly having been part of a young individual. 

In size the whorls are less than in Annularva sphenophyllordes, var. intermedia, 
Lesqx., as figured by SeLLaRDs,* but in this plant the leaves are broadly spathulate 
with blunt apices, quite typical of Annularia sphenophylloides, whereas the leaves of the 
Sandwell specimen are typical in form with those of Annularia stellata. 

This and another specimen from the same locality are the only examples I have 
yet seen from the Westphalian of Britain, but it occurs very near the top of the series. 
Annularia stellata has, however, been recorded from the Westphalian Series of the 
Continent. . 

Horizon and Locality.— Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell 

Park, West Bromwich. 


Calamostachys Schimper. 
Calamostachys Solmsi Weiss. 


Pl. IX. figs. 4, 4a, 4b, 4c, 4d. 


1876. Macrostachya infundibuliformis, var. Solmsi, Weiss, Steink. Calam., Heft i. p. 73, pl. xviii. fig. 1 
(pars), figs. 3, 3a, and 4. 

1884. Calamostachys Solmsi, Weiss, Steink. Calam., Heft ii. p. 177. 

1911. a a Jongmans, Anleitung, vol. i. p. 288, fig. 236. 


* Foss. Plants, Upper Paleozoic, Kansas, p. 425, pl. liii. fig. 5, 1908, 
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Description.—Cone heterosporous, pedicellate, complete length and apical portion 
unknown ; cylindrical, of almost equal width, but gradually narrowing upwards and 
from 12 to 16 mm. wide, internodes from 5 to 7°5 mm. long. Bracts about length of 
internode or slightly longer, broadly lanceolate, with a base about 1°3 mm. wide, outer 
surface longitudinally striated and slightly keeled. Sporangiophores placed on the 
axis mid-way between the bract verticils as in Calamostachys, but the form of sporangio- 
phore and attachment of sporangia unknown. Microsporangia and megasporangia 
occur on same verticil and throughout all regions of the cone. Megaspores «573 to 
».648 in diameter, with small triradiate ridge, outer surface smooth. Microspores 
#115 to #1380 in diameter, smooth, with small triradiate ridge. 

Remarks.—The cone is incomplete at the apex, but the portion preserved is 11°50 cm. 
long, and is given natural size on Pl. [X. fig. 4, and a portion enlarged 2 times at 
fig. 4a. It contracts at the base, where it is attached to a finely striated and, as far as 
preserved, unjointed pedicel 2 cm. long and 5 mm. wide. The broadest part of the 
cone is about 2 cm. above its base, where it is 1°60 cm. wide. From this point it 
gradually narrows upwards, and about 7 cm. from the base it is 1°40 cm. wide. Above 
this no satisfactory measurements can be made, as one of the margins is slightly covered 
by the matrix. 

The cone shows 19 internodes, which vary from 6 mm. in length at the base to 
about 5 mm. at the top of the specimen. 

The bracts are broadly lanceolate, about 7 mm. long, and terminate in sharp fine 
points which extend very slightly beyond the node next above them. They have a 
striated outer surface, and some of them show indications of a central keel, but no mid- 
rib is observable. 

There appear to have been 16 or 18 bracts in a verticil, as 8 or 9 are seen on 
the exposed surface of the cone. 

The sporangiophores are not seen on the specimen. 

Small portions of the carbonaceous remains of the cone were removed from the base, 
the middle, and from near the top of the specimen, which were treated by the 
maceration process, when in all cases, even though the material operated on was small, 
the samples yielded microspores and megaspores. It would appear, then, that each 
verticil bore both microsporangia and megasporangia, and that the two forms of spores 
were not restricted to a special region of the cone. 

Some microspores enlarged 50 times are given at Pl. IX. fig. 4b, and one 
enlarged 500 times is seen at fig. 4c, and a megaspore enlarged 50 times is 
shown at fig. 4d. Both microspores and megaspores do not seem to have been fully 
ripe, as their walls are thin and much crumpled. ‘Their outer surface is smooth, and 
they are provided with a small triradiate ridge. This is shown on the microspore at 
fig. 4c. On only one case could I discover the triradiate ridge on a megaspore, and it 
was feebly developed ; this, as well as their crumpled condition, indicates a somewhat 
early state of development. The occurrence in the same verticil, and at different 
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heights on the cone, of megasporangia and microsporangia, as evidenced by the occur- 
rence of the two forms of spores, is an interesting character of this cone. 

This species, which was collected by Mr H. W. Hucuss, has not previously been 
recorded in Britain. 

Horizon and Locality.Roof of New Mine Coal: Clattershall Colliery, Brettell 
Lane. 


Calamostachys sp. 


Among some specimens found at Netherton were fragments ofa small Calamostachys. 
None of the cones were complete, they are only 2°5 mm. broad, including the 
spread of the arcuate bracts, and the internodes are about 1 mm. long. ‘The bracts 
bend gently upwards, and are rather more than one internode long. It is larger than 
the Calamostachys ? nana Weiss,* and does not appear to belong to any known 
species; but the material is too fragmentary for a satisfactory description. 

The specimens were collected by Mr H. W. Hucuus. 

Horizon and Locality.—Between Fireclay Coal and Bottom Coal: Doulton’s 
Clay Pit, Netherton, near Dudley. (K. No. 4620.) 


Calamostachys sp. 


Horizon and Locality.—Ten-foot Ivonstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. (K. No. 824.) 


Paleostachya Weiss. 
Paleostachya Ettingshauseni Kidston. 


Pl. IX. figs. 3, 3a—3c. 


1854. Calamites cwummunis, Ett. (pars), Steinkohlenf. v. Radnitz, p. 24, pl. viii. figs. 1 and 4. 

1869. Volkmannia elongata, Roehl (non Presl), Foss. Flora Steink.-Form. Westph., p. 19, pl. vii. fig. 1. 

1869. Calamostachys typica, Schimper (pars), Traité d. paléont. végét., vol. i. p. 328 (pl. xxiii. fig. i.%), 

vol. iii. p. 457. 

1890. Sp 35 Kidston, Trans. York. Nat. Union, pp. 14, 23. 

1909. Calamostachys ? typica, Arber, Fossil Plants, p. 74, fig. 57. 

1884. Calamostachys Ludwigt, Weiss (pars), Steinkohlen Calamarien, part ii. p. 163, pl. xviii. fig. 2 
(non pl. xxii. figs, 1-8, pl. xxiii., pl. xxiv.). 

1903. Palzostachya Hitingshauseni, Kidston, Trans. Roy. Soc. Ldin., vol. xl. part iv. p. 794. 

1911. 5 3 Jongmans, Anleitung, vol. 1. p. 327, figs. 284-286. 

1887. Calamites Sachser, Stur (pars), Calamarien d. Schatz. Schichten, pp. 188, 189, pl. ii. fig. 7, 
pl. xi. fig. 7. 


Description.—Cone cylindrical, short-stalked, verticillate, apparently only four 
in each whorl, the panicle ending in a terminal cone; cones attaining a length of 
7 cm. with a width of 80 mm. Internodes short, about 3.mm. long; bracts arcuate, 


* Steimkohlen Calamarien, Heft ii. p. 175, pl. xxi. fig. 10. 
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slightly spreading, apex sometimes incurved, and when perfect about the length of 
two internodes, more numerous than the sporangiophores. Probably six sporangio- 
phores in a whorl, which arise from the axil of a bract, each bearing four sporangia ; 
sporangia oval, homosporous. Microspores « 70 to » 100 in diameter, smooth, with a 
small triradiate ridge. 

Remarks.—The cone shown on Pl. IX. fig. 3, natural size, wants a small part 
of both the apex and the base, but is otherwise very well preserved. 

It is slightly contracted at the base, and probably little is missing from that end. 
The part preserved is 620 em. long and about 0°80 cm. wide measured across the 
sporangia, but the bracts extend further outwards. It contains eighteen short 
internodes about 3°75 mm. long. Unfortunately, the specimen does not enable one 
to determine the number of the lanceolate bracts which compose the whorls. They 
at first spring outwards at almost right angles to the axis, and then bend upwards 
past the spreading sporangia which spring from their axils and reach almost to the 
top of the second internode above that from which they spring. 

The sporangia are large, oval, slightly narrowed at base, and from 2°70 mm. to 
3°10 mm. long, and therefore occupy almost the whole length of the internode. It is 
difficult to determine the number of sporangial groups in a whorl, owing to the 
compressed condition of the specimen, but I do not think the sporangiophores were 
very numerous, perhaps not more than six in a whorl. If one examines the portion 
of the cone enlarged 2 times at fig. 3a, there do not appear to be more than three 
pairs of sporangia visible on the exposed surface of the cone; so we are therefore 
probably looking at the exposed surface of three groups of four sporangia. In the 
whole verticil there would therefore probably be six sporangiophores, each bearing 
four sporangia. 

One of the sporangia from the base of the cone was removed and treated 
by the acid-ammonia process, when it was found to contain very numerous circular 
microspores with a small triradiate ridge, measuring on an average » 80 in diameter. 
Palxostachya Ettingshausen is therefore probably homosporous. Some microspores 
are seen enlarged 50 times at fig. 3b, and one 500 times at fig. 3c. 

Palzostachya Ettingshauseni, which is the cone of Calamites Sachser Stur (pars), 
is closely related to Palzxostachya elongata Presl, sp., but is easily distinguished 
by its small size and less dense mode of growth. 

It is not common in the South Staffordshire Coal Field, where, though the cone 
has been found, no specimens of the parent plant, Calamuites Sachser Stur, have been 
discovered, as far as | am aware. 

The specimen figured by Linpuey and Hurton on pls. xv. and xvi. of their Fossil 
Flora as the foliage of Calamites nodosus (non Schlotheim) ( = Calamites ramosus Artis) 
are fortunately preserved. The small branch shown on pl. xv. has no organic con- 
nection with the stem which occurs close to it, and. its position is merely accidental. 
Both this and the specimen given on pl. xvi. are fertile branches of Palxostachya 
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Ettingshausent; the latter figure only shows one of several cone-bearing branches 
which occur on the slab. 

The originals of these figures are preserved in the “ Hutton Collection,’ Hancock 
Museum, Newcastle-on-Tyne. 


Horizon and Locality.—Roof of New Mine Coal: Mount Pleasant, Brierley Hill. 


Paleostachya elongata Presl, sp. 


1838. Volkmannia elongata, Presl, Verhandl. d. Gesell. d. vaterlandischen Museums in Boéhmen, p. 27, 
pl. i. (fide Weiss). 


1872. 5 Feistm., Abhandl. d.k. béhm. Gesell. d. Wissensch., vi. Folge, vol. v. p. 20, 
pl. iv. fig. 3, pl. v. fig. 2. 

1874, 5 Fr Feistm., Vers. d. bohm. Ablager, i. Abth. p. 119, pl. xiii. figs. 1, 2. 

1876. Palzostuchya elongata; Weiss, Steink. Calamarien, part 1. p. 108, pl. xv. ; part li. p. 181, pl. xxii. 
fig. 15. 

19)1. si o Jongmaus, Anletung, vol. i. p. 324, figs. 281-2. 


Note.—Very rare. Collected by Mr H. W. Hucues. 
Horizons and Localities.— 

(2?) Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
This specimen is fragmentary, and not in a suitable condition for a 
satisfactory determination. (K. No. 3700.) 

Roof of New Mine Coal: Merryhill Colliery, Mount Pleasant, Brierley Hill. 


Paleostachya gracillima Weiss. 
1884. Palzostachya gracillima, Weiss, Steinkohlen-Calamarien, part i. p. 184, pl. xviii. fig. 1. 


1886. 5b % Kidston, Trans. Geol. Soc. Glasgow, p. 54, pl. i. fig. 3. 
1910. 33 . Arber, Proc. Yorkshire Geol. Soc., vol. xvii. part ii. p. 1438, pl. xii, 
OTT, 3 . Jongmans, Anleztung, vol. i. p. 326, fig. 283. 


Remarks.—This species is rare in the South Staffordshire Coal Field, and I only 
know of the plant having been collected once by Mr H. W. Hucuss, F.G.S. 
Horizon and Locality.— Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 


Palzeostachya minuta Kidston, n. sp. 
Pl. XI. figs. 1, la—le. 


Description.—Cone small, 1°5 cm. long and about 2°5 mm. wide, with somewhat 
blunt apex, bracts arcuate, distal portion upright, apex slightly incurved, about 
13 times as long as internodes. Internodes 1 to 1°25 mm. long. Probably six 
sporangiophores in a whorl. 

Remarks.—Some small slabs were collected by Mr H. W. Hucuns, thickly covered 
with these cones, of which a slab is seen at fig. 1, Pl. XI, natural size. They are 
detached from their parent stems and are usually more or less imperfect, though 
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a few are complete. On the exposed surface of the cones three groups of sporangia 
are frequently visible, and probably the fertile whorls contained six sporangiophores. 
In any case, their number must have been small. 

Some of the cones are enlarged 2 times at figs. la to le to show their general 
character. 

Horizon and Locality— Between Fireclay Coal and Bottom Coal: Doulton’s 
Clay Pit, Netherton, near Dudley. (K. No. 4476.) 


Huttonia Sternberg. 
Huttonia spicata Sternb. 


Pl. XI. fig. 4, Pl. XIV. fig. 4. 


1837. Huttonia spicata, Sternb., Verhandl. d. Gesellsch. d. vaterl. Museums, Bohmen, 1837, p. 69, pl. i. 
figs. 1-4 (fide Jongmans). 

1851. <e 5 Andrae, in Germar, Vers. v. Wettin u. Lébejun, p. 91, pl. xxvii. fig. 4. 

1872. 93 a Feistmantel, Abhandl. d. k. béhm. Gesell. d. Wissensch., vi. Folge, vol. v. p. 7, 
pl. i. fig. 1 (“Ueber Fruchtstadien fossiler Pflanzen aus der bohmischen 
Steinkohlenformation ”). 


1875. . 4h Feistmantel, Vers. d. békm. Ablager, Heft i. p. 113, pl. viii. fig. 3. 

1876. 55 3 Weiss, Steinkohl. Calamarien, part i. p. 82, pl. xiii. figs. 3, 4; pl. xiv. figs. 1-4. 
1883. 3 7 Schenk, in Richthofen, China, p. 234, pl. xli. figs. 1-3. 

1884. * » Weiss, Steznkohl. Calamarien, part ii. p. 188, pl. xxi. fig. 9. 

Ute 6 Jongmans, Anleitung, vol. i. p. 352, figs. 320-324. 


Description.—Cones with short unjointed stems, leafless, bracts with a small base, 
enlarging upwards and ending in a suddenly contracted long sharp point, the sides of 
which are convex, 18 to 20 in a whorl, with outer surface longitudinally striated. ‘The 
bracts of the lowest whorls are smaller and more truly lanceolate. Bracts free to the 
base ; and situated below them is a pendulous sheath. The sporangiophores spring 
from the axils of the bracts and are directed outwards. 

Remarks.—The specimen is shown natural size at Pl. XI. fig. 4, and a portion 
enlarged 2 times at Pl. XIV. fig. 4. This latter figure shows well at the broken- 
_ over upper end the narrowed basal portion of the bracts, whose upper surface is 
longitudinally striated. The fossil is only a small part of the cone, of which J am not 
aware that a complete example has ever been discovered. It is extremely rare to find 
the bracts complete, the upper portion being almost always broken off, as in our 
solitary example from South Staffordshire. ‘The internodes are short, about 4°50 mm. 
long, and the bracts, which appear to have been almost coreaceous, show no indication 
of a midrib. This, which is the first record of Huttonia spicata for Britain that has 
come under my notice, was collected by Mr H. W. Hucues, F.G.8., to whom I am 
so much indebted for my knowledge of the fossil plants of the South Staffordshire 
Coal Field. 

Horizon and Locality.—Blue Measures, six feet above Fireclay Coal: Doulton’s 
Clay Pit, Netherton, near Dudley. 
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Sphenophyllee. 
Sphenophyllum Brongniart. 
Sphenophyllum cuneifolium Sternb., sp. 


1823. Rotularia cunerfolia, Sternb., Essai flore monde prim., vol. 1. fase. ii. pp: 33 and 37, pl. xxvi, 
figs, 4a, 40. 

1886. Sphenophyllum cunetfolium, Zeiller, Flore foss. bassin houil. d. Valen., p. 413, pl. Ixii. fig, 1, 

: pl. lxili. figs. 1-10. 

1893. . 


re Zeiller, Mém. Soc. géol. d. France: Paléont., vol. tv. No. ui. p. 12, 
pl. i. (ii1.) figs. 1-4, pl. ii. (iv.) figs. 1-3, pl. ili. (v.) figs. 1, 2. 
1901. 5 a Kidston, Trans. Nat. Hist. Soc. Glasgow, vol. vi. (new series) p. 124, 
fig. 21, a, B, p. 121, and fig. 23, p. 125. 
1911. 7 # Jongmans, Anleitung, p. 377, figs. 335-345a (non 345 6b, c) (non 


“nach Kidston ”). 

1826. Rotularia saxifragexfolium, Sternb., Essai flore monde prim., vol, i. fase. iv. p. xxx, pl. lv. fig. 4. 
1831. Sphenophyllum erosum, L. & H., Foss Flora, vol. i., pl. xiii. 
Note.—Common. 
Horizons and Localities. — 

Brooch Coal: Holly Hall, near Dudley. 

Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley ; 

_ Cabbage Hall Pit, Netherton, near Dudley. 
Roof of New Mine Coal: Brierley Hill; Dibdale, near Gornal. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton, near 
Dudley. 


forma saxifrageefolium Sternb., pro. sp. 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. 
Brooch Coal : Oldbury. 
Roof of New Mine Coal: Merryhill Colliery, Brierley Hill. 
Blue Measures, sia feet above Fireclay Coal: Netherton, near Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton, near 
Dudley. 


Sphenophyllum tenuissimum Kidston, n. sp. 
Pl. XVI. figs. 3, 4, and 4a, 5. 


Description.__Stem very slender, about 1 mm. wide, internodes 7 mm. long. 
Leaves single veined, 8 mm. long or more, narrow, about 1 mm. broad, dichotomously 
divided, and segments end in an acute point. Fructification borne on the ordinary 
stems without any cone formation, and consisting of numerous pyriform sporangia, 


united to each other by a thick basal extension into groups of four. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 17 
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Remarks.—YThis extremely delicate species belongs to the ‘“‘ Selago” type, in which 
the sporangia are borne on little altered or unmodified portions of the stem, as in 
Sphenophyllum majus Bronn, sp.,* and Sphenophyllum chareforme Jongmans.t 

The sporangia are pyriform, and, though they may have combined in other numbers, 
those seen here, where their number can be determined, are united in groups of four. 
‘The individual sporangia are very small, including the basal stalk-like portion by which 
they are united to each other; they are only 1 mm. long, and slightly narrower. The 
groups are much broken up; but at the uppermost node, seen in text-fig. 6, which is 


TExT-FIG. 6.—Sphenophyllwm tenuissimum Kidston. Specimen enlarged 4 times, 


enlarged 4 times, two perfect and one imperfect sporangium are seen united to each 
other, and the point from which the fourth has been removed is also seen. A photograph 
of this group, enlarged about 3 times, is given on Pl. XVI. fig. 5, where the granular 
appearance of the sporangia represents the roughness of the matrix and is not 
organic. 

The leaves are long for the size of the stem. None are perfect, but at text-fig. 6, 
b’, a bifurcation of the limb is seen, and the one remaining perfect segment ends ina 
sharp point. At b” another fragment of a leaf is preserved, which has also dichotomised. 
Although one cannot speak with certainty, the leaves probably only forked once, and 
bore the sporangia on their upper surface in the neighbourhood of the stem, as in 


* Kipston, Mém, Musée roy. d’hist. nat. de Belgique, vol. iv. p. 221, pl. xiv. figs. 1-4, 4a; pl. xv. figs. 2, 3, 1911. 
t Annalen d. k. k. naturhist. Hofmuseums, Wien, vol. xxvi. p. 449, pl. vi. and four text-figs., 1912. 
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Sphenophyllum majus, the only other known species in which the sporangia were united 
in groups of 4 or 6. 

In Sphenophyllum charzforme Jongmans, another very delicate species, the 
sporangia appear to be united singly to a sporangiophore, as in Sphenophyllum 
cunerfolium Sternb., sp., and this at once separates Sphenophyllum tenmssemum from 
that species. 

The specimen, which is preserved in an ironstone nodule, is seen natural size on 
Pl. XVI. figs. 3, 4. It was collected by Mr H. W. Hucuns. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Sphenophyllum sp. 
RE X otiesseb.. od. 


1911. “ Microsporanges,” Carpentier, “Sur quelques fructifications et inflorescences du Westphalien du 
Nord de la France,” Revue générale de bot., vol. xxii. p. 11, pl. xiv. figs. 6, 7. 

Remarks.—Similar groups of sporangia to those figured by M. ?Abbé CarpEntieR 
from the Nord Coal Field, France, occur in the Yorkshire and South Staffordshire Coal 
Fields; the former were collected by Mr W. Hemineway, and the latter by Mr H. W. 
Hucues. They consist of four or five obtusely pyriform, or what might be almost 
better described as “fig-shaped,” sporangia, united in groups of four or five by their 
contracted pedicel-like bases. A quadrate group of these sporangia is shown at fig. 5, 
Pi. X., natural size, and enlarged 2 times at fig. 5a. The diameter of the group is 
about 4 mm. 

The sporangial termination is as broad as or even slightly broader than long, and its 
apex sometimes shows a faint indication of a notch. 

Abbé CaRPENTIER compares these sporangia to the fructification of Telangium 
(Sorocladus) stellatum Lesqx., sp.,* but with this type of fructification I do not think 
they have any relationship. 

The only plants with which I am acquainted that have the same type and arrange- 
ment of sporangia are Sphenophyllum majus Bronn, sp.,f and Sphenopyhyllum 
tenuissimum, described here. 

From the sporangia of the latter they are at once distinguished by their much larger 
size, and from the former they differ in being flattened at their apex and broader in 
proportion to their length, and have more the form of a fig than of a pear; but Dr Paux 
BERTRAND, { with whom I have had some correspondence on these small fossils, mentions 
that his specimens, of which he has shown me excellent photographs, and which are 
identical with that figured here, have discharged their spores, and he suggests that 


* LEsQuEREUX, Coal Flora, p. 328, pl. xlviii. fig. 9,1879. ZEILLER, Flore foss, bassin houal, d. Valen., p. 141, pl. xii. 
fig. 2, 1886. 

+ See Kinston, Mem. Musée roy. @hist. nat. de Belgique, vol. iv. p. 221, pl. xiv. figs. 1-4, 4a ; pl. xv. figs. 2, 3 ; and 
text-fig. 35. 

{ In letter of October 19, 1913. 
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this may be the cause of their difference in shape from those on the fertile specimens 
of Sphenophyllum majus. I scarcely think that this explanation will explain their 
difference in form, but nevertheless they are very probably from a plant closely 
related to Sphenophyllum majus, but I do not think we can refer them to that species, 
though | know of no Sphenophyllum from the same horizon to which they might belong. 

Horizon and Locality.—Bblue Measures, above Brooch Coal: Jubilee Pit, Sandwell 
Park, West Bromwich. 


Lycopodiacee. 
Lycopodites Brongniart (pars). 


Lycopodites Meeki Lesqx. 

1870. Lycopodites Mechs Lesqx., Geol. Survey of Illin., vol. iv. p. 426, pl. xxvi. figs. 6 and 6a. 

1874. 3 5 Schimper, Z'raité d. paléont. végét., vol. i. p. 532. 

1879. 33 5 Lesqx., Coal Flora, p. 357, pl. xii. figs. 1 and la. 

Remarks.—_Mr Henry Instry has collected a slab, about 21 cm. broad by 25 cm. 
long, bearing many branchlets of this delicate Lycopod. ‘The longest branch, which 
bifurcates four times at an acute angle, has a length of about 21 cm., and at its broken- 
over lower extremity it measures about 5 mm. across. The surface of the stem bears 
fusiform cushions very similar in form to those of Lepidodendron, about 5 mm. long 
and 0°75 mm. wide. ‘The leaves are very narrow, almost setaceous, and their greatest 
length is about 1°75 cm. They are occasionally adpressed, but more commonly they 
spread slightly outwards from the stem at an acute angle. 

A midrib has not been observed in the leaves. 

As Lesquereux has already pointed out, Lycopodites Meek: has a general 
resemblance to the Lepidodendron selaginoides Sternb., especially to his pl. xvii. 
fig. 1,* but is much more slender and the leaves narrower and longer in proportion to 
their width. 

In the absence of fructification there may be some doubt as to the systematic 
position of this plant, but since many of the species formerly included in Lycopodites 
are now placed in Selaginellites Zeiller,t it leaves Lycopodites Brongniart (pars) free 
for the retention of such imperfectly known species as the Lycopodites Meek: Lesqx. 

Horizon and Locality.— Blue Measures, six feet above Brooch Coal: Hamstead 
Colliery, Great Barr, near Birmingham. 


Lepidodendron Sternberg. 
Lepidodendron ophiurus Bronet. 


Pl. XI. figs. 2, 3. 


1822. Sagenaria ophiurus, Brongt., Class. d. végét. foss., pp. 27 and 90, pl. iv. figs. la and 10. 
1828. Lepidodendron ophiurus, Brongt., Prodome, p. 128. 
1886. 9 4, Zeiller, Flore foss. bassin houil. d. Valen., p. 458, pl. Ixviii. figs. 1-6. 


* STERNE., Essar flore monde prim., vol. i. fase. ii. pp. 29 and 35 ; fase, iv. p. viii, pl. xvi. fig. 3, pl. xvii. fig. 1. 
+ Bassin howl. et perm. de Blanzy et du Creusot, p. 140, 1906. 
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1911. Lepidodendron ophiurus, Kidston, Mém. Musée roy. @hist. nat, de Belyique, p. 140. 

1831. Lepidodendron gracile, L. & H., Foss. Flora, vol. i., pl. ix. 

1838. a ‘s Brongt., Hist. d. végét. foss., vol. ii., pl. xv. 

1831. Lepidodendron dilatatum, L. & H., Fossil Flora, vol. i., pl. vii. fig. 2. 

1894. Lepidodendron elegans, Nathorst (non Sternb.), Palaeoz. Flora d. arktischen Zone, p. 34, pl. xvi. 

fig. 1 (Kongl. Svenska Vetenskaps-Akad, Handl., vol. xxvi. No. 4). 

Remarks.—Two specimens of the cones of Lepidodendron ophurus are given 
natural size at figs. 2,3, Pl. XI. That at fig. 2 shows a cone, 14 cm. long and 1°50 em. 
broad, of almost equal width throughout, terminating a branchlet which is easily 
identified by the presence of the characteristic foliage of Lepidodendron ophiurus. 

The distal portion of the lanceolate bracts is upright and mostly adpressed to the 
cone, and in this it differs from Lepidostrobus squarrosus Kidston,* where the distal 
portions of the bracts are spreading and the cone is also larger. 

The other specimen, that at fig. 3, and which is 15 cm. long, though not attached 
to the branch, from its size, form, and character of the bracts I have no hesitation in 
referring to the same species. This specimen is preserved in the “round” and has 
been thoroughly impregnated with carbonate of lime, now bleached white, while the 
surrounding matrix of clay ironstone is of a red-brown colour. The vegetable matter 
is converted into black carbon, so that the general structure of the cone stands out 
with diagrammatic clearness. 

At the base of the cone, the sporangial portion of the bract is slightly deflexed, 
about 2 cm. above the base it becomes horizontal, and above this point it gradually 
assumes an upward direction. A slight contraction has taken place in this specimen, 
as shown by the cavity at the apex, originally occupied by the plant, being now filled 
with lime, though the apex of the cone itself is quite complete. 

Towards the centre of the cone given at fig. 3 a small part of the peripheral region 
is seen, and on this are exhibited fragments of some of the bracts. Neither the 
sporangia nor spores are preserved in this example. 

On another similarly preserved specimen in my collection { it is shown that the 
bracts were spirally placed on the axis. 

That given at fig. 2 was received from Sir CHartes Hotorort, and that at fig. 3 
from Mr H. W. Hueues. 

Horizons and Localities.— 

Roof of Brooch Coal: Shut End; Himley; Pensnett; Holly Hall, Dudley ; 
Coneygre Colliery, Tipton. 

Brooch Binds Ironstone: Pensnett. 

Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, Dudley ; Tipton ; 
Moxley. 

Shale over Heathen Coal: Dudley. 

Gubbin Ironstone Measures: Shut End. 

Roof of New Mine Coal: Merryhill Colliery, Brierley Hill. 

* Trans. Roy. Soc. Edin., vol. xxxvii. p. 342, pl. iv. figs. 13, 14, 1893. t+ No. 3736. 
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Lepidodendron simile Kidston. 


1911. Lepidodendron simile, Kidston, Mém. Musée roy. @hist. nat. de Belgique, vol. iv. p. 137. 
1837. Lepidodendron elegans, Brongt. (non Sternb.), Hist. d. végét. foss., vol. ii. p. 35, pl. xiv. 
1880, Lepidodendron lycopodioides, Zeiller (non Sternb.), Végét. foss. d. terr. houil. de la France, p. 3, 


pl. clxxi. 

1882. : 59 Renault (non Sternb.), Cours d. botan. foss., vol. ii. p. 14, pl. v. 
fig. 8. 

1886. 5 A Zeiller (non Sternb.), Flore joss. bassin houtl. d. Valen., p. 464, 


pl. lxix. figs. 2, 3, pl. Ixx. fig. 1. 
Note.—Rare. 
Horizons and Localities.— 
Roof of New Mine Coal: Merryhill Colliery, Brierley Hill. 
Shale overlying Pont Hill Trap (probably corresponding in position to shales 
lying between the Fireclay Coal and the Bottom Coal): Bentley Quarry, 
Walsall. Collected by Mr 8. Prinst. 


Lepidodendron aculeatum Sternb. 


1820. Leptdodendron aculeatum, Sternb., Essai flore monde prim., vol. i. fase. i. pp. 21 and 25, pl. vi. 
fig. 2, pl. viii. fig. 1p, a, 6; fasc. ii. p. 28, pl. xiv. figs. 1-4 ; fase, iv. 
p- 10. 
1886. 5 i Zeiller, Végét. foss. bassin howil. d. Valen., p. 435, pl. Ixv. figs. 1-7. 
1858. Lepidodendron modulatum, Lesqx., in Rogers, Geol. of Pennsyl., vol. 11. p. 874, pl. xv. fig. 3. 
Note.—Common. 
Horizons and Localities.— 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near birmingham. 
Roof of Thick Coal: Bradley Colliery, Bilston ; Clayscroft Openwork, Coseley, 
near Dudley. 
Below Thick Coal: Near Dudley. 
Gubbin Ironstone: Himley; Bilston; Eagle Colliery, Old Hill; Clayscroft 
) Openwork, Coseley, near Dudley. 


forma modulatum Lesqx., pro. sp. 
Roof of New Mine Coal: Doulton’s Clay Pit, Netherton, near Dudley. 


Lepidodendron obovatum Sternb. 


1820. Lepidodendron obovatum, Sternb., Essai flore monde prim., vol. i. fase. i. pp. 21 and 25, pl. vi. 
fig. 1, pl. viii. fig. la, a, 6; fasc. iv. p. 10. 
1886. - = Zeiller, Flore foss. bassin houil. d. Valen., p. 442, pl. Ixvi. figs. 1-8. 
1858. Lepidodendron clypeatum, Lesqx., in Rogers, Geol. of Pennsyl., p. 875, pl. xv. fig. 5, 
pl. xvi. fig. 7. 
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Note.—Common. 
Horizons and Localities.— 
Roof of Brooch Coal: Himley ; Shut End. 
Gubbin Ironstone: High Haden Colliery, Old Hill; Shut End; No. 11 Pit, 
Woodside Colliery, Hartshill ; Clayscroft Openwork, Coseley, near Dudley. 
Shale overlying Pont Hill Trap (probably corresponding to shales between 
Fireclay and Bottom Coals): Bentley Quarries, Walsall. Collected by 
Mr 8. Prugst. 


Lepidodendron acutum Presl, sp. 


1838. Bergeria acuta, Presl, in Sternb., Vers., vol. ii. fasc. vii.—viii. p. 184, pl. xlviii. figs. la, 16. 

1911. Lepidodendron acutum, Kidston, Mém. Musée roy. d’hist. nat. d. Belgique, vol. iv. p. 146. 

1854. Lepidodendron Haidingeri, Ettingshausen, Steinkf. v. Radnitz, p. 55, pls. xxii., xxiii. 

1886. 8 a Zeiller, Flore foss. bassin houil. d. Valen., p. 461, pl. Ixix. fig. 1. 

1875. Sagenaria elegans, Feistm. (non Sternb.), Vers. d. bdhm. Ablager., ii. Abth. p. 29, pl. viii. figs. 3, 3a. 

1899, Lepidodendron elegans, Hofmann and Ryba (non Sternb.) (pars), Leitpflanzen, p. 80, pl. xiv. 
figs. 2, 3 (non pl. xiv. fig. 1, pl. xv. fig. 9). 

Note.—Not common. 

Horizon and Locality.—Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, 


near Dudley. 


Cf. Lepidodendron distans Lesqx. 
(Lepidodendron serpentigerum Konig, [cones foss. sectiles, pl. xvi. fig. 195.) 


1858. Lepidodendron distans, Lesqx., Geol. of Pennsyl., vol. ii, p. 874, pl. xvi. fig. 5. 

1879. % »  Lesqx., Coal Flora, vol. ii. p. 387, pl. lxiv. fig. 10. 

1858. Lepidodendron oculatum, Lesqx., Geol. of Pennsyl., vol. 11. p. 874, pl. xvi. fig. 4. 

1869. Lepidodendron chilallewm, Wood, Trans. Amer. Phil. Soc., vol. xiii. p. 346, pl. ix. fig. 4. 

Remarks.—The specimen figured by Mr B. Surry in the Geol. Mag., May 1905, 
p. 209, as Lepidodendron sp. is most probably an aged example ot Lepidodendron 
distans Lesqx. (= Lepidodendron serpentigerum Konig). The characters which he 
appears to regard as precluding the reference of his specimen to this species may, | 
think, be ascribed to age and imperfect preservation, which in this case makes a satis- 
factory determination of his fossil impossible. The locality given for the specimen is 
“from the Middle Coal Measures near Dudley.” It is contained in the Johnson 
Collection, British Museum (No. V. 1283). 

This species in my previous lists was included under the name of Lepidodendron 
serpentigerum, Konig, but it has been shown that the part of Konie’s work containing 
the figure and name of Lepidodendron serpentigerum, though privately distributed, 
was never issued to the public.* Konic’s name must therefore give place to that of 


LESQUEREUX. 
* ZuriimR, Flore foss. bassin houil. d. Valen., p. 708 (footnote), 1888. 
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Lepidostrobus Brongniart. 


Lepidostrobus variabilis L. & H. 
1831. Lepidostrobus variabilis, L. & H., Fossil Flora, pl. x., pl. xi. (fig. on right only). 


Remarks.—Very common in the ironstone nodules. 

The Lepidostrobus ornatus, L. & H., Fossil Flora, vol. i., pl. xxvi., can only be 
regarded as a cone of the Lepidostrobus variabilis type preserved ‘‘in the round” in 
ironstone nodules, where the distal portions of the bracts have decayed. Such specimens 
are not uncommon at Coseley. The authors of the Fossil Flora evidently misinterpreted 
their specimen. 

Horizons and Localities. — 

Blue Measures, above Brooch Coal: Hamstead Colliery, Great Barr, near 
Birmingham. 

Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 

Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton, near 
Dudley. 


Lepidostrobus Geinitzi Schimper. 
1855. Lepidostrobus variabilis, Geinitz (non L. & H.), Vers. d. Steinkf. in Sachsen, p. 50, pl. ii. figs. 


I, 3, 4. 

1869. a es Roehl (non L. & H.) (pars), Foss. Flora d. Steink.-Form. Westph., 
p. 142, pl. vii. fig. 2. 

1875. - 8 Feistmantel (non L. & H.) (pars), Vers. d. bohm. Ablager., part 11. p. 44, 


pl. xiv., pl. xv. figs. 1, 2. 
1870. Lepidostrobus Geinitzt, Schimper, Traité de paléont. végét., vol. ii. p. 62, pl. xi. fig. 6 (fig. 7%). 
Excl. syn. L. comosus L. & H. 


1886. 59 »  Zeiller, Flore foss. bassin houil. de Valen., p. 501, pl. Ixxvi. fig. 2. 
1890. \ » Renault, Flore foss. bassin houil. de Commentry, part ii. p. 527, pl. Ixi. 
figs. 5, 6. : 


Horizon and Locality.— Blue Measures, six feet above Brooch Coal: Hamstead 
Colliery, Great Barr, near Birmingham. Collected by Mr H. Instey. 


Lepidostrobus triangularis Zeiller, sp. 


1911. Lepidostrobus triangularis, Kidston, Mém. Musée roy. hist. nat. de Belgique, vol. iv. p. 158. 
1886. Lepidophyllum triangulare, Zeiller, Flore foss. bassin houtl. d. Valen., p. 508, pl. lxxvii. 
figs. 4, 5. 
1897. Lepidophyllum Pichlert, Kerner, Jahrb. d. k. k. Reichsanst., Band xlvii. Heft ii. p. 383, pl. x. 
figs. 1, 2 (“‘Carbonflora d. Steinacherjoches ”). 
Remarks.—This species is closely related to Lepidostrobus anthenws Konig, sp.,* 
the Lepidostrobus radians of Scummprr,t and, if really distinct from it, differs only in 


the sides of the bracts being perhaps somewhat more concave. 


* Icones fossilvwm sectiles, pl. xvi. fig. 200. t+ Traité d. paléont. végét., vol. il. p. 63. 
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Horizons and Localities.— 
Above Brooch Coal: Holly Hall, Dudley. 
Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley. 


Lepidophyllum Brongniart. 


Lepidophyllum intermedium L. & H. 


1832. Lepidophyllum intermedium, L. & H., Fossil Flora, vol. i. pl. xliii. fig. 3. 

1877. Lepidophyllum lanceolatum, Lebour (non L. & H.), Illustr. of Fossil Plants, p. 105, pl. liii. 

1890. Lepidophyllum majus, Renault (non Brongt.), Flore foss. terr. houwil. de Commentry, part ii. 
p. 516, pl. lix. figs. 8, 9. 

1904. % »  Zalessky (pars), Mém. d. Comité géol. (St Pétersbourg), nouv. sér., 
livr. xiii. p, 104, pl. vii. fig. 6 (? fig. 9). 

Note.—Rare. 

Horizons and Localitves.— 

Roof of Brooch Coal: Tividale. 


Roof of Bottom Coal: No. 120 Pit, Coneygre Colliery, Tipton. 


Lepidophloios Sternberg. 


Lepidophloios laricinus Sternb. 


1820. Lepidodendron laricinum, Sternb., Essai flore monde prim., vol. i. fase. i. pp. 23 and 25, pl. xi. 
figs. 2-4. 

1826. Lepidophloyos laricinum, Sternb., ibid., vol. 1. fase. iv. p. 13. 

1855. Lepidophiloios laricinum, Goldenberg (pars), Flora Sarep. foss., Lief. i. p. 22, pl. iii. figs. 14, 14a; 
Lief. iii. p. 30, pl. xv. fig. 11 (? non fig. 9), pl. xvi. figs. 2,3 (? 1, 4, 5, 6) (non figs. 7, 8), 
1862. 

1886. Lepidophlotos laricinus, Zeiller, Flore foss. bassin houil. d. Valen., p. 471, pl. xxii. figs. 1-3. 

1893. ie 3 Kidston, Trans. Roy. Soc. Edin., vol. xxxvii. p. 155, pl. i. figs. 4, 4a; 

pl. u. figs. 8, 8a, 8d. 

1866. Lepidophlotos Acadianus, Dawson, Quart. Journ. Geol. Soc., vol. xxii. pp. 163, 168, pl. x. 

figs. 45 a-h, figs. 50, 50a to ¢ (non pl. xi. fig. 51). 


Note.—Rare. 


Horizon and Locality.—Roof of New Mine Coal: Clattershall Colliery, Brettell 
Lane. 


Halonia L. & H. 


Halonia tortuosa L. & H. 


1833. Halonia (?) tortuosa, L. & H., Fossil Flora, vol. ii. pl. Ixxxv. 
1837. Halonia regularis, L. & H., ibid., vol. iii. pl. ccxxviil. 
1838. Halonia tuberculata, Brongt., Hist. d. végét. foss., vol. ii. pl. xxviii. figs. 1-3. 


Remarks.—Under this species are placed decorticated fertile branches of Lepzdo- 


phlovos which cannot be referred to their respective species. 
TRANS. ROY. SOC. EDIN., VOL. L., PART I. (NO. 5). 18 
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Horizons and Localities.— 
Shale over Brooch Coal: Holly Hall, Dudley. 


Whate Ironstone : Shut End. 
Measures near roof of Bottom Coal: Powk Hill Quarry, Bentley, near Walsall. 


Bothrodendron L. & H. 


Bothrodendron minutifolium Boulay, sp. 


1876. Rhytidodendron minutifolium, Boulay, Terr. howil. du Nord de la France, p. 39, pl. iii. figs. 1 and 
1 bis, 

1886. Bothrodendron minutifolium, Zeiller, Flore foss. bassin houil. d. Valen., p. 491, pl. Ixxiv. figs. 2-4. 

1889. ; - Kidston, Trans. Roy. Soc, Edin., vol. xxxv. p. 412, pl. ii. fig. 6. 

1889. 5 Kidston, Proc. Roy. Phys. Soc. Hdin., vol. x. p. 92, pl. iv. figs. 5, 6. 

1893. Sigillaria (Bothrodendron) minutifolium, Weiss, Die Si aillarien d. preuss. Steink. u. Rothl. 
Gebiete: II. Gruppe d. Subsigillarien, p. 49, pl. i. figs. 3, 4.; pl. il. figs. 8, 9. 

1893. Sigillaria minutifolium, var. rotundata, Weiss, zbid., p. 53, pl. i. fig. 6, pl. ii. fig. 7. 

1893. ‘ var. attenuata, Weiss, ibid., p. 53, pl. i. figs. 10, 11. 

183]. Lepitadendien selaginoides, L. & H. (non Sternberg), Fossil Flora, vol, i. pl. xii. (plate very 
incorrect). 

1875. Lycopodium carbonaceum, Feistmantel, Vers. d. bohm. Kohlenab., Abth. ii. p. 9, pl. i. figs. 1, 2. 

1886. Lepidostrobus olryt, Zeiller, Flore foss. bassin houil. d. Valen., p. 502, pl. lxxvii. fig. 1. 


Horizons and Localities.— 
Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 
Roof of New Mine Coal: Merry Hill Colliery, Brierley Hill. 
Roof of Bottom Coal: No. 120 Pit, Coneygre Colliery, Tipton. 


Sigillaria Brongniart. 
Sigillaria discophora Kénig, sp. 


Lepidodendron discophorum, Konig, Icones foss. sectiles, pl. xvi. fig. 194. 
1885. Sigilaria discophora, Kidston, Ann. and Mag. Nat. Hist., 5th ser., vol. xvi. p. 251, pl. iv. fig. 5, 
pl. v. fig. 8, pl. vii. figs. 12, 13. 


1889. Fe Ps Kidston, zbid., 6th ser., vol. iv. p. 61, pl. vi. fig. 1. 
1831, Ulodendron minus, L, & H., Fossil Flora, vol. i. pl. vi. 
1886. - »  Zeiller, Flore foss. bassin howl. d. Valen., p. 483, pl. Ixxiii. fig. 2, pl. xxiv, 
fig. 5. 
1831. Ulodendron majus, L. & H., Fossil Flora, vol. i. pl. v. 
Horizon and Locality.—Roof of Bottom Coal: No. 120 Coneygre Pit, Tipton. q 


Sigillaria semipulvinata Kidston. 
1897. Sigillaria semipulvinata, Kidston, Trans, Roy. Soc. Edin., vol. xxxix. p. 57, pl. iii. figs. 1-5. 
Note.—The only specimen I have seen from the South Staffordshire Coal Field is 
the small example figured in the Z’rans. Roy. Suc. Hdin., vol. xxxix. p. 58, pl. iii. fig. 4, 
which I received from the late Mr C. Bratz in 1887. 
Horizon and Locality.-—Westphalian Series: Great Bridge, near Dudley. 
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Sigillaria elegans (Sternberg, sp. ?) Brongt. 


1826. (2) Favularia elegans, Sternb., Essai flore monde prim., vol. i. fase. iv. pp. xiv and 48, pl. lii. fig. 4. 
1828. Sigillaria elegans, Brongt., Prodrome, p. 65. 


1836. Vs ,  Brongt., Hist. d. végét. foss., p. 438, pl. exlvi. fig. 1, pl. elv., pl. elviii. fig. 1. 
1886. aS ,  Zeiller, Flore foss. bassin houil. d. Valen., p. 582, pl. Ixxxvii. figs. 1-4. 
1911. ‘5 » Kidston, Mém. Musée roy. @hist. nat. de Belgique, vol. iv. p. 185. 


1836. Sigillaria hexagona, Brongt., zbid., pl. clv., pl. elviii. fig. 1. 

1836. Sigillaria minima, Brongt., ibid., p. 435, pl. lviii. fig. 2. 

1887. Sigillaria elegantula, Weiss, Sigillarien d. preuss. Steink., I. Gruppe Favularien, p. 44, pl. xiii. 
figs. 74-78. 


Horizons and Localities. — 
Roof of New Mine Coal: Doulton’s Clay Pit, Netherton; Mount Pleasant, 
Brierley Hill. 
Roof of Bottom Coal: No. 120 Pit, Coneygre Colliery, Tipton. 


Cf. Sigillaria nodosa Bowman, sp. 
Pie x Utica. i, le. 
1836. Favularia nodosa, Bowman, in L. & H., Fossil Flora, vol. iii. p. 107, pl. excii. figs. a, b, ¢. 


Remarks.—It is probably impossible to ever ascertain the true nature of the plant 
which formed the type of this species. Of the three figures given by LinpLey and 
Hurron on their plate, only that at a demands consideration, b and c being too 
imperfectly preserved, and even here one cannot help suspecting that their figure a is 
somewhat “ restored.” 

Among the specimens collected by Mr Hugues were some examples of a Sigillaria 
which from their state of preservation may throw some light on the nature of this 
interesting but not understood “species "—the Sigillarva nodosa Bowman. 

One of these specimens is shown natural size on Pl. XII. fig. 1. The leaf scars are 
much flattened, and it requires careful examination to make out their form. This, 
however, can be done, and some of them are given enlarged at fig. la. 

The full description of this specimen is :—Stem ribbed, furrows slightly flexuous. 
Leaf scars approximate, divided by transverse furrows and occupying about ? of the 
width of the rib, upper margin slightly emarginate, lower margin almost straight, 
lateral margins convex, with feebly developed lateral angles placed about the centre of 
the sides. Cicatricules three, situated about 2 above base of scar, the two lateral 
punctiform, the central punctate or slightly elongated transversely. 

The specimen has a great similarity to the Sigillaria dolearis Weiss,* but KorHne, 
when speaking of this type, says that from its state of preservation it cannot be 
determined whether it belongs to Sigiularia elegantula Weiss (=Sigillaria elegans 
Brongt.) or to Srgilaria cumulata Weiss. Certainly our specimens are not the latter 
plant, but I am inclined to think they may be some form of Stigillaria elegans 

* Sigillarien d. preuss. Steink., I. Gruppe d. Favularien, p. 31, pl. iii. x.) fig. 37. 
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(=Sigillama elegantula Weiss). But whatever species our fossils may belong to, 
their state of preservation has produced a fossil which might well be the Sigillaria 
nodosa Bowman. It is highly probable that Sigillaria nodosa has been founded on 
similar specimens to these; but beyond a “belief” that this is the case, one cannot go 
further, for, unless the original specimens were examined, it is impossible to ascertain 
how much of the figure belongs to the specimen and how much to the artist. 

Taking, therefore, all the available data into consideration, it seems highly probable 
that Sigillarma nodosa Bowman, sp., has been founded on an imperfectly preserved 
specimen of one of the many forms of Srgillaria elegans Brongt. (= Sigillaria 
elegantula Weiss). 

I at one time thought that Sigillaria nodosa Bowman, sp., was a form of Sigillarva 
tessellata Brongt., and a Sigillaria which is not very uncommon in the Radstock Series 
I figured under the name of Srgillaria tessellata, var. nodosa ;* but this I now identify 
as the Sigillaria cumulata Weiss, and as far as my experience goes this species is 
restricted to the Radstockian Series in Britain, whereas Sigillaria nodosa Bowman 
originates from the Westphalian Series. 

Horizon and Locality.—Roof of New Mine Coal: Merryhill Colliery, Mount 
Pleasant, Brierley Hill. 


Sigillaria trigona Sternberg, sp. 


Pl XU fiess2, 20,3, and: 4: 


1820. Lepidodendron trigonum, Sternb. (non Knorr), Essai flore monde prim., i., fase, i. p. 25, pl. xi. 
fig. 1. 
1826. Favularia trigona, Sternb., Essai flore monde prim., 1., fase. iv. p. xiii. 
1887, Sigillaria trigona, Weiss, Sigillarien d. preuss. Steink., part 1. pp. 36 and 53, pl. v. fig. 54, pl. ix. 
(xv.) fig. 1 (Favularia trigona copied from Sternberg. Abhandl. d. geol. 
Landesanstalt, vol. vil. Heft i11.). 
1894, 9 - Kidston, Trans. M’ter. Geol. Soc., part xxi. vol. xxi. p. 642, text-fig. 
1893. Sigillaria subornata, Weiss, Sigillarien d. preuss. Steink. u. Rothl. Gebiete: II. Subsigillarien, 
p. 209, pl. xxvii. fig. 106. 

1893. (2) Sigillaria decorata, Weiss, ibid., p. 207, pl. xxvii. fig. 105. 

1904. Stgillaria limbata, Zalessky, Mém. Comité géol., nouv. sér., livr. 13, pp. 74 and 122, pl. xiii. fig. 11. 

Description.—Stem ribbed, furrows strongly zigzag, leaf scars alternate, more or 
less close, pyriform, occupying almost the whole width of the rib and sitting on 
bracket-like elevations so that the basal margin holds a higher level than the apex and 
placed towards the upper end of subhexagonal areas of the rib, which are separated 
from each other by a straight or curved transverse furrow ; upper portion of leaf scar 
narrow, rounded, with concave sides and surmounted by a ligule pit, lower portion of 
scar wider, more obtusely rounded ; lateral angles prominent and situated about the 
centre of the scar. Cicatricules three, the central transversely semilunar and placed in 
the centre of the lateral cicatricules. A short ridge extends from the lateral angles to 
the furrows. Areas on which the leaf scars are placed are smooth, except for the 


* Proc. York. Geol. and Polytech. Soc., vol. xiv. pp. 353 and 385, pl. lviii. fig. 1, 1902. 
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presence of two short diverging ridges which descend from the base of the elevation 
of the leaf scar. 

The subepidermal surface of the ribs is longitudinally striated. 

Remarks. —Although the coaly matter has been removed from part of the specimen 
figured here, and partially fractured at other parts, still many of the leaf scars are 
beautifully preserved, and show very distinctly the details of their structure. 

Sigillaria trigona Sternb., with its prominent zigzag furrows, belongs to the Favu- 
laria section of the genus. The pyriform, or what Wetss has well described as “ bell- 
shaped,” leaf scars, contracted at top, occupy the narrower, and the expanded base the 
wider, portion of the rib. Hach leaf scar is separated from its neighbour above and 
below by a transverse furrow which passes across the whole width of the rib. These 
transverse furrows are sometimes straight as at fig. 3, or semicircular as at fig. 4, both 
forms occurring on the same specimen as seen on the enlarged portion given at fig, 2a. 
The leaf scars are therefore placed in compartments which gradually slope upwards 
from the top to the base, and thus come to be situated on little sloping brackets. The 
line following the basal contour of the leaf scars seen on figs. 3 and 4 represents the 
elevation of the lower margin of the scar ; the cushion on which it sits is smooth, and 
free from all ornamentation except for the occurrence of two small ridges which are so 
slight that they can only be observed on well-preserved examples. 

Like many of the older species, owing to imperfect description some doubt has 
arisen as to the specific position of Sigillaria trigona Sternb. (non Knorr). The original 
figure shows the specimen to belong distinctly to the Favularia section of Sigillaria, and 
has “bell-shaped” leaf scars rounded below and somewhat truncate or rounded above. 

Though the upper margins of the leaf scars are mostly truncate on STERNBERG’S 
figure, a few are rounded at top like those shown on the figure given by Weiss* 
and that shown here. It appears to me therefore that these two specimens, and that 
figured some years ago under the same name by myself,j from the form of their 
leaf scars, the zigzag furrows, and the raised-up bracket-like shelf that supports the 
leaf scar, as well as their smooth ribs, refer them without doubt to the Srqillaria 
trigona. Sternb. 

Sigillaria subornata Weiss should, I think, be united to Sigillariva trigona Sternb. 
The differences are so slight—the leaf scar a little broader in proportion to its length 
and the lunate part of the cushion below the scar not so wide; but these differences can 
scarcely be considered as of specific value. It seems also highly probable that 
Sigillaria decorata Weiss belongs to the same plant. The occasional occurrence of a 
few transverse wrinkles on the cushion below the leaf scar, and the slightly greater 
distance of the leaf scars apart, are surely not sufficient characters for the creation of a 
“species,” even when we add that the leaf scars are a little broader in proportion to 
their length. 

The specimens assigned to Sigillaria trigona by FEISTMANTEL appear to have been 


* Loe. cit. + Loe. cut. 


142 DR ROBERT KIDSTON ON THE 


badly preserved, and possibly do not belong to this species. They are therefore 
excluded from the references.* From typical Sigillaria mamillaris Brongt., Sigillarva 
trigona is essentially distinct, the former belonging to the Rhytidolepis section (those 
with straight or only slightly flexuous furrows), while the latter belongs to the 
Favularia section, but in Stgillara Dournaisw Brongt.,t which is now united to 
Sigillaria mamillaris as a variety of that species, when the scars are large and occupy 
almost the whole width of the ribs, which then become slightly enlarged and somewhat 
zigzag, some similarity between the two species occurs, but the “ bell-shaped” scars of 
Sigillaria trigona and the pronounced zigzag furrows will at once distinguish them, 
and further, the rib below the leaf scar is always distinctly ornamented with transverse 
bars in Srgillarva mamallaris and its varieties. 

Still more closely related to Sigillaria trigona is the Srgillaria Hauchecorner 
Weiss.[ Here, however, the leaf scars are slighly broader in proportion to their length 
and the two ridges below the leaf scars extend downward from the margin of the scar 
itself, while in Sigillaria trigona they are only on the cushion proper below the 
leaf scar.§ 

The Sigillarva trigona Sternb., sp., is very rare in Britain. 

Horizon and Locality.—Roof of Thick Coal : Tipton. 


Sigillaria tessellata Brongt. 


1818. Phytolithus tessellatus, Steinhauer, Trans. Amer. Phil. Soc., vol. i. p. 295, pl. vii. fig. 2. 
1836. Sigillaria tessellata, Brongt., Hist. d. végét. foss., p. 436 (? pl. clvi. fig. 1), pl. clxii. figs. 1-4. 


1886. oS + Zeiller, Flore foss. bassin houil, d. Valen., p. 561, pl. Ixxxv. figs. 1-9, 
pl. Ixxxvi. figs. 1-6. 
1911. an Kidston, Mém. Musée roy. @hist. nat. de Belgique, vol. iv. p. 188. 


1836. Sigillarta Knorrit, Brongt., ibid., p. 444, pl. elvi. figs. 2-3 (? pl. elxii. fig. 6). 
1836. Stgillaria alveolaris, Broage hen Sternb.), 2bid., p. 443, pl. clxii. fig, 5. 
1848. Sigillaria contigua, Sauveur, Végét. foss. d. terr. houil. Belgique, pl. li. fig. 1. 


Note.—Frequent. 
Horizons and Localities. — 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr. 
near Birmingham. 
Ten-foot Ironstone Measures : Cabbage Hall Pits, Netherton, near Dudley. 
Blue Measures : Doulton’s Clay Pit, Netherton, near Dudley. 
Roof of New Mine Coal: Mount Pleasant, Brierley Hill. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton. 
Roof of Bottom Coal: No. 120 Pit, Coneygre Colliery, Tipton. 
* Vers. d. béhm. Ablager., Abth. iii. pl. ix. figs. 3-5, 1876. 
+ Sigillaria Dournaisti Brongt., Hist. d. végét. foss., p. 441, pl. cliii. fig. 5. 


ft Sigillaria d. preuss. Steink., No. 1. p. 47, pl. xiii. figs. 81-82, 1887. 
§ Koprune unites Sigillaria Hauchecornet Weiss with Sigillaria mamillaris as a variety. 
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Sigillaria mamillaris Brongt. 


1824. Sigillaria mamillaris, Brongt., Ann. d. Sedenc. nat., vol. iv. p. 33, pl. ii. fig. 5. 


1836. 5 as Brongt., Hist. d. végét. foss., p. 451, pl. exlix. fig. 1 (? pl. elxill. fig. 1 var.) 
1886. - Me Zeiller, Flore foss. bassin houil. d. Valen., p. 577, pl. Ixxxvii. figs. 5-10. 
Oa. a 6 Kidston, Mém. Musée roy. @hist. nat. de “Belov, vol. iv. p. 190. 


1836. Sigillaria Dournaisir, Brongt., Hist. d. végét. foss., p. 441, pl. cli. fig. 5. 
1876. Sigillaria conferta, Boulay, Terr. howil. du Nord de la France, p. 44, pl. iii. fig. 3. 


Horizons and Localities, — 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. 
Roof of Brooch Coal: Shut End. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, near Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 


forma abbreviata Weiss. 


1871. Sigillaria manullaris B abbreviata, Weiss, Fossil Flora d. jiingst. Stk. u. Rothl., p. 165, pl. xv. 
figs. 1, 2. 


Horizon and Locality.— Whitestone Measures: Moxley, near Bilston. Collected 
by the late Mr C. Beate. (K. No. 838.) 


+ forma Dournaisi Brongt., pro. sp. 


Horizon and Locality.—Roof of Fireclay Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 


Sigillaria scutellata Bronegt. 
1822. Sigillaria scutellata, Brongt., Class. d. végét. foss., pp. 22 and 89, pl. i. fig. 4. 


1836. 3 33 Brongt., Hist. d. végét. foss., p. 455, pl. el. figs. 2, 3, pl. clxiii. fig. 3 
1886. 5 Zeiller, Flore foss. bassin houil. d. Valen., p. 533, pl. lxxxii. figs. 1-6, 9. 
#911. e Kidston, Mém. Musée roy. d’hist. nat. de Belgique, p. 192. 


1836. Sigillaria notata, Brongt., ibid., p. 449, pl. cli. fig. 1. 
1836. Stgillaria elliptica, var. Drenet. tbid., p. 447, pl. clxiii. fig. 4. 


Horizon and Locality.— Roof of New Mine Coal: Merryhill Colliery, Brierley Hill. 


Sigillaria vulgaris Artis, sp. 
1825. Huphorbites vulgaris, Artis, Antedil. Phyt., pl. xv. 
Remarks.—Formerly I treated this species as a variety of Sigillaria scutellata 
Brongt.,* but in more recent years I have seen a number of specimens from the 


* Catal. Paleoz. Plants, p. 186, 1886. 
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Westphalian Series which are characterised by the “ bell-shaped” leaf scars, as figured 
by Artis. It is therefore here provisionally treated as a distinct species. 

The specimen recorded from the South Staffordshire Coal Field is in the collection 
of Mr H. W. Hucuzs, and very typical of the plant described by Artis as Huphorbites 
vulgarts. I find the distance apart of the leaf scars varies considerably on different 
specimens, on some being approximated and having much the appearance of Srgillaria 
polita Lesqx.* LxusqueREUx describes his specimen as “ribs flat, very smooth,” but 
on the better-preserved specimens of Sigillaria vulgaris in my collection the lower 
margin of the leaf scar is elevated, and the descending lines from the low-placed lateral 
angles have transverse markings as in Sigillarva mamillaris, to which perhaps it has 
a closer affinity than to Sigillaria scutellata. 

KoEHNE unites the Huphorbites vulgaris provisionally with Sigillaria Walchi.t 

Horizon and Locality.—Old Mine Clay = Stinking Coal: Docking-iron Pit, Delph, 
Brierley Hill. 


Sigillaria cordigera Zeiller. 
POS ies.75, 2. 
1886. Sigillaria cordigera, Zeiller, Flore foss. bassin howil. d. Valen., p. 526, pl. Ixxviii. fig. 5. 


Description.—Stem ribbed, ribs slightly arched, separated by well-marked straight 
furrows. Surface of ribs ornamented with a fine shagreen, especially prominent between 
the leaf scars, where fine short transverse line-like little furrows break up the surface 
of the cortex. Leaf scars occupy about half width of rib, cordate, rounded, and 
slightly contracted at base, with a large sinus on the upper margin, distant from 
each other about the length of a leaf scar. Lateral angles absent. Cicatricules placed 
about the distance of 4 the length of the leaf scar from the top, central (vascular) 
cicatricule punctiform or slightly transversely elongated, the two lateral (parichnos) 
oval, vertical or slightly diverging and on the same level as the vascular cicatrice 
Ligule pit situated immediately above the leaf scar. 

Remarks.—This species, which appears to be very rare on the Continent, has not 
been previously recorded for Britain, and is only known from a single locality. 

Sigillaria cordigera is at once distinguished from all the other species of the 
genus by its cordate leaf scars, which frequently show a slight irregularity in form. 

At fig. 5@ a small part of the specimen is enlarged 2 times to show the 
ornamentation of the cortex, which has much the appearance of the shagreen of 
leather. 

I am indebted to Mr H. W. Hucuns for a specimen of this species which was 
collected by himself. 

Horizon and Locality.—Roof of New Mine Coal: Mount Pleasant, Brierley Hill. 


* In Rogers, Geol. of Pennsyl., p. 872, pl. xiv. fig. 3, 1858. Coal Flora, p, 490, pl. Ixxiii. fig. 1. 
t+ “Sigillariastamme,” Abhandl. d. kénigl. preuss. geol. Landesunstalt, neue Folge, Heft xliu. p. 54, 1904, 
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Sigillaria reniformis Bronet. 


1824. Sigillaria reniformis, Brongt., Ann. d. science nat., vol. iv. p. 32, pl. ii. fig. 2. 


1836. 2 Brongt., Hist. d. végét. foss., p. 470, pl. exlii. 

1886. 5 ry Zeiller, Flore foss. bassin houil. d. Valen., p. 556, pl. Ixxxiv. figs. 4-6. 
1888. s y Kidston, Trans. Roy. Soc. Edin., vol. xxxv. p. 327, plate, fig. 2. 
ON Kidston, Mém. Musée roy. hist. nat. de Belgique, vol. iv. p. 194. 


1848. Regillart 1a penis Sauveur, Végét. foss. d. terr. houil. de Belgique, pl. lvii. fig. 1. 
1876. Sigillaria laticostata, Boulay, Terr. houil. du Nord. de la France, p. 46, pl. iii. fig. 2. 


Horizon and Locality.— Blue Measures, above Brooch Coal: Hamstead Colliery, 
Great Barr, near Birmingham. 


Sigillaria elongata Bronet. 


1824. Sigillaria elongata, Brongt., Ann. d. science nat., vol, iv. p. 33, pl. ii. figs. 3, 4. 


1836. ) 5 Brongt., Hist. d. végét. foss., p. 473, pl. cxlv., pl. exlvi. fig. 2. 
1886. sp ns Zeiller, Flore foss. bassin houil. d. Valen., p. 545, pl. lxxxi. figs. 1-9. 
Sle ” Kidston, Mém. Musée roy. @hist, nat. de Belgique, vol. iv. p. 202. 


1836. Sigilaria Cortei, Brongt., zbid., p. 467, pl. exlvii. figs. 3, 4. 

1836. Szgillaria intermedia, Brongt., ibid., p, 474, pl. elxv. fig. 1. 

1836. Sigillaria greseri, Brongt., ibid., p. 454, pl. elxiv. fig. 1. 

1836. Sigillaria gracilis, Brongt., ibid., p. 462, pl. elxiv. fig. 2. 

1888. Sigillaria mamillaris Kidston (non Brongt.), Trans. Roy. Soc. Hdin., vol. xxxv. p. 328, plate, 

fig. 10. 

Remarks.—The specimen from Hamstead, which I identified as Sigillaria mamillaris, 
and is figured in the Trans. Roy. Soc. Hdin., vol. xxxv., plate, fig. 10, I now believe to 
be a form of Sigillaria elongata Brongt., with unusually close leaf scars. 

Horizon and Locality.—Blue Measures, above Brooch Coal: Hamstead Colliery, 


Great Barr, near Birmingham. 


Sigillaria rugosa Brongt. 


1836. Sigillaria rugosa, Brongt., Hist. d. végét. foss., p. 476, pl. exliv. fig. 2. 


1886. i * Zeiller, Flore foss. bassin howil. d. Valen., p. 551, pl. lxxx. figs, 1-5. 

OM 3 3 Kidston, Mém, Musée roy. @’hist. nat. de Belgique, vol. iv. p. 203. 

Horizon and Locality.—Roof of Bottom Coal: No. 120 Pit, Coneygre Colliery, 
Tipton. 


Collected by Mr H. W. Hucuss, F.G.S. 


Sigillaria punctirugosa Kidston, n. sp. 
Pl. XII. figs. 6-6a. 


Description.—Stem ribbed, furrows straight, leaf scars distant, occupying the 
whole width of rib, rounded-pentagonal, about as broad as high, slightly narrowing 


above the low-placed blunt lateral angles, straight or very feebly emarginate on upper 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 19 
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margin, lower margin rounded. Cicatricules three, placed about a third of length of leaf 
scar from top—the two lateral elongate, diverging ; the central punctiform, and on level 
with centre of lateral cicatricules. Ligule pit immediately above leaf scar, a short 
distance above which is a straight transverse furrow. Surface of rib ornamented with 
a leather-like shagreen and two slightly diverging rows of prominent transversely 
elongated little elevations which descend from the base of the scars and terminate at 
the transverse furrow. 

Remarks.—The position of the blunt lateral angles is below the centre of the leaf 
scar; and these being very obscure, give it a rounded appearance. 

The shagreen ornamentation of the cortex, of which the reticulations are relatively 
large, and the two descending rows of elongated elevations, give a distinctive character 
to this species. 

Sigillaria punctirugosa is very rare, and has only been met with at one locality by 
Mr H. W. Hueues. | 

Horizon and Locality.—Roof of New Mine Coal: Mount Pleasant, Brierley Hill. 


Sigillariostrobus Schimper. 
Sigillariostrobus ciliatus Kidston. 
1897. Sigillariostrobus ciliatus, Kidston, Trans. Roy. Soc. Edin., vol. xxxix. p. 53, pl. il. figs. 2-9. 


Remarks.—A small slab received from Mr Henry INsLEy contains some isolated 
but characteristic bracts of this species. , 

Horizon and Locality.—Blue Measures, six feet above Brooch Coal: Hamstead 
Colliery, Great Barr, near Birmingham. 


Sigillariostrobus sp. 


Remarks.—Included here is a part of a cone which is closely allied to Sigillario- 
strobus Goldenbergi Feistmantel,* but it is slightly smaller, and the bracts are ciliate. 

Horizon and Locality. — Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 

Collected by Mr H. W. Huauzs. 


Cyperites L &H. 


Cyperites bicarinata L. & H. 
1832. Cyperites bicarinata, L. & H., Fossil Flora, vol. i. pl. xliii. figs. 1, 2. 
Note.—This species is probably founded on fragments of Sigillarian leaves. 


Horizon and Locality.—Blue Measures, above Brooch Coal: Hamstead Colliery, 
Great Barr, near Birmingham, 


* See Zertuer, Hore foss. bassin howil. d. Valen., p. 600, pl. 1xxxix. figs. 1 and 4. 
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Stigmaria Brongniart. 


Stigmaria ficoides Sternberg, sp. 


1820. Variolaria ficoides, Sternb., Hssai flore monde prim., vol. i. fase. i. pp. 23 and 26, pl. xii. figs. 1-3. 
1822. Stigmaria ficoides, Brongt., Class d. végét. foss., pp. 28 and 89, pl. i. fig. 7. 
1911. E os Kidston, Mém. Musée roy. V@hist. nat. de Belgique, p. 212. 


Note.—Generally distributed throughout the whole series. 


Stigmaria reticulata Gépp. 


1841. Stigmaria ficoides, var. reticulata, Gopp., Gatt. d. foss. Pflanzen, Lief. 1, 2, p. 30, pl. DG ig. LE 

1886. i 5h 3 Zeiller, Flore foss. bassin houil. d. Valen., p. 613, pl. xci. fig. 5. 

1862. Stigmaria anabathra, var. reticulata, Goldenberg, Flora Sarepont. foss., Heft iii. p. 19, pl. xiii. 

fig. 15. 

1836. Stigmaria ficoides, Gopp., Syst. fil. foss., p. 92, pl. xxxiii. fig. 7. 

Note.—This fossil has usually been treated as a variety of Stegmaria ficordes, and 
as such it was described by Goppert, but its distinctive characters fully entitle it to 
specific rank. 

Horizons and Localities.—Roof of Fireclay Coal; Russell’s Hall, Dudley; Doulton’s 
Clay Pit, Netherton. 


Lepidocarpon Scott. 


1900. Lepidocarpon, Scott, Proc. Roy. Soc. London, vol. lxvii. p. 306. 
1901. 5) Scott, Phil. Trans., B, vol. exciv. p. 325. 

Before giving a description of the new Lepidocarpon from Coseley, it is necessary 
to keep clearly before us the characters of this genus, and this can be best accomplished 
by transcribing here the diagnosis given by Dr Scorr in his paper on “ The Seedlike 
Fructification of Lepidocarpon, a genus of Lycopodiaceous Cones from the Carboniferous 
Formation ” :—* 

“Strobili, with the characters of Lepidostrobus, but each megasporangium 
enclosed, when mature, in an integument growing up from the superior face of the 
sporophyll-pedicel. 

“Integument, together with the lamina of the sporophyll, completely enveloping 
the megasporangium, or nucellus, leaving only an elongated, slit-like micropyle above. 
A single functional megaspore or embryo-sac developed in each megasporangium and 
occupying almost the whole of its cavity. 

‘‘Megaspore ultimately filled by the prothallus or endosperm. Sporophyll, together 
with the integumented megasporangium and its contents, detached entire from the axis 
| of the strobilus, the whole forming a closed, seed-like, reproductive body. 

“«Seed-like organ horizontally elongated, in the direction of the sporophyll-pedicel, 
| to which the micropylar crevice is parallel.” 


* Phil. Trans., loc. cit., p.3325. 
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To illustrate the character of Lepidocarpon more clearly, a diagrammatic repre- 
sentation of a sporophyll as seen in transverse section—that is, tangential to the cone 
axis—is given at text-fig. 7. Here the only one of the four megaspores in each 
sporangium which becomes developed is seen at mg, enclosed within the sporangium 
sp, which is attached to the sporophyll at b and enclosed by the integument. This 
envelops the sporangium on both sides, only leaving at the summit a narrow slit m, 
which passes radially along the whole length of the elongated sporangium. 


TEC. 


Text-Fic. 7.—Lepidocarpon Lomaxi Scott. Diagrammatic section tangential to axis. Description in text. 


In the fossil about to be described, as only the remains of some of these structures 
are preserved, their interpretation is made much clearer by reference to this text-fig. 
The same distinguishing letters are used on the plate for the corresponding structures 
shown in the fossil. 


Lepidocarpon Westphalicum Kidston, n. sp. 
Plate XIII. figs. 1-6. 


Description.—Cone of unknown length, 1°40 em. in diameter; sporophylls forming 
steep spirals and placed at right angles to axis; pedicel on which sporangium sits 
5°5 mm. long; sporangium oblong, compressed, with a basal keel, truncate at distal 
extremity, slightly contracted and rounded at proximal end, 5°5 mm. long, about 
2°5 mm. high, and slightly over 1 mm. broad ; integumented. On removal from cone 
the sporangiophores leave a narrow rhomboidal scar with central point on the axis. 

Remarks.—This remarkable fossil occurs in an ironstone nodule about 3°50 cm. long 
and 2°80 em. broad. Its mode of preservation is most peculiar. The greater part of 
the cone is absent, but a small portion towards the centre is preserved, and this stands 
up free from the surface of the stone entirely uncompressed. The whole of the bracts 
have disappeared, except perhaps their bases between the sporangia, and the only parts 
exhibited are the axis, the sporangia, and the remains of the integuments. 
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The cone is seen natural size at figs. 1 and 2. Fig. 1 shows a surface view of the 
fossil, and fig. 2 an end view to show the elevation of the cone above the surface of 
the stone. 

Several enlargements of the specimen are given, under different directions of 
lighting, to exhibit the structure as fully as possible. 

On Plate XIII. fig. 3 the specimen is enlarged 2 times to give a general idea of the 
fossil, for owing to its small size this is not well exhibited at fig. 1. At fig. 4 it is 
enlarged 4 times to bring out more clearly the details of structure. 

The sporangiophores have disappeared, unless some indistinct remains below the 
sporangia may represent them ; but the sporangia are very clearly seen, arranged round 
the axis in steep spirals. They are compressed laterally, but this is not the result of 
external pressure, as the cone 1s uncompressed. Between the sporangia are seen the 
remains of the integuments, whose ruptured margins are seen between the sporangia, 
fig. 6,7. The scars left on the axis by the removal of the bracts are fusiform, with 
a central point. ‘They are well seen on the axis, immediately above and below the 
sporangia, on fig. 4, 7. ‘lhey have very much the character of an imperfectly preserved 
Lepidodendroid leaf scar. They are also seen on fig. 6. The sporangia are slightly 
narrowed towards the top, fig. 4, 5,6, sp. A good side view of the sporangia is seen at 
fig. 5, sp. The light strikes the specimen here in a different direction from that 
employed in photographing fig. 4. ‘The base of the sporangium is seen to have a slight 
keel, probably indicating the line along which it was attached to the sporophyll. It 
will be noticed that there is a slight crack at the distal end of this sporangium, 
fig. 5, sp, but this is evidently an accidental occurrence. Another of the sporangia has 
had a piece broken off, and one can see into the now empty cavity, and the fracture 
shows that the sporangium wall must have been of considerable thickness. Fig. 6, sp’. 

The central portion of the cone has been enlarged about 8 times at fig. 6, with 
the object of showing more clearly the remains of the integuments. ‘Ihe sporangia are 
seen to be arranged in steep spirals, in which only four sporangia in each spiral now 
remain. ‘The cone had probably reached the condition of maturity, as the integuments 
of the sporangia seem to have been fully developed, and their remains are seen at the 
places lettered, as well as at other parts of the fossil. A fragment of an integument 
stands out at 2, and the other part is seen ou the left, 2’. A small piece of the integu- 
ment of the neighbouring sporangium is also preserved, and at several places the remains 
of the integuments of contiguous sporangia are seen as two delicate structures, more or 
less following the contour of the sporangia. This can be observed at several places, 
especially at fig. 6,2’.and2”. The presence of these structures shows that the cone is 
not an ordinary Lepidostrobus, because in that genus the sporangia are naked. On the 
other hand, the structures just mentioned are identical in position and structure, as far 
as they show, with the integument in Lepidocarpon. ‘The thick wall of the sporangium, 
which is seen on fig. 6, sp, though much importance cannot be placed on this, is also a 
character of Lepidocarpon. There is still the further circumstance that the missing 
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Sporangia and sporophylls have been entirely removed. There are no fragments of bases 
attached to the axis, which probably would have been the case if they had been forcibly 
broken off. As the sporangia are perfect and are not mixed with broken individuals, 
one has some ground for believing that the missing sporophylls and attached sporangia 


have been shed naturally at maturity. 


_ Notwithstanding, then, the fragmentary nature of our fossil, the characters it shows, 
point, I think, beyond all doubt to its being a typical Lepidocarpon. 
The only species with which it is necessary to compare it is Lepidocarpon Lomaxt 
Scott.* From this the Staffordshire specimen is at once distinguished by the size and 
form of the sporangia, and a comparison of the characters of this single organ will at 


once show their specific individuality. 


Lepidocarpon Lomaaxi Scott. 
Sporangium broad at the base and contracting 
upwards into a point : 
Maximum vertical height 4°5 mm. 
55 tangential width 2°5 mm. 
4 radial length 6°7 mm. 
(Measurements from immature cone, 
cones are larger.) 
Cone after development of integuments : 
3 cm. diameter at base. 
2 cm, diameter at top. 


Mature 


Lepidocarpon Westphalicum Kidston. 
Sporangium narrow, of about equal width, and 
only very slightly narrower at its upper margin : 
Maximum vertical height 2°5 mm. 
tangential width 1'0 mm. 
¥ radial length 5:5. mm. 
(Measurements from cone apparently mature.) 


Cone after development of integuments: 
1:40 or 1:50 cm. probably about centre of 
cone. 


The distinction between the two species is therefore very marked. Of the two 
previously described species, one, Lepidocarpon Wildianum Scott, is derived from the 
Calciferous Sandstone Series (Culm), of Pettycur, Fife, and the other, Lepidocarpon 
Lomaxi, from the Lanarkian Series (Lower Coal Measures) of Lancashire and 
Yorkshire. 

Lepidocarpon Westphalicum, as indicated by the name I propose for the new 
species, comes from the Westphalian Series, and so increases our knowledge of the 
vertical distribution of the genus.” 

The specimen was collected by Mr H. W. Huaues, F.G.8., by whom it was placed 
in my hands for description. 

Horizon and Locality.—Ten-foot Ironstone Measures: Claysecroft Openwork, 
Coseley, near Dudley. 


Cordaitee. 
Cordaites Unger. 
Cordaites borassifolius Sternb., sp. 


1832. Flabellaria borassifolia, Sternb., Essai flore monde prim., vol. i. fase. ii. pp. 31 and 36, pl. xviii. ; 
fase. iv. p. XXXiv. 


1845. 95 Fe Corda (pars), Beitr. z. Flora d. Vorwelt, p. 44, pl. xxiv. figs. 1-8 and 8. 


* Phil. Trans., ser. B, vol. excix. p. 294, plates, 1901. 
+ Ibid., p. 314, 1901. 
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1849. Pychnophyllum borassifolium, Brongt., Tableau d. genres d. végét. foss., p. 65. 
1850. Cordaites borassifolius, Unger, Genera et Species, p. 277. 
1886. . 4 Zeiller, Flore foss. bassin houil. d. Valen., p. 625, pl. xcii. figs. 1-6. 
1910. 55 es Renier, Paléontologie, pl. exii. 
Horizons and Localitres. — 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 
Blue Measures, six feet above Fireclay Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 
Between Fireclay Coal and Bottom Coal: Doulton’s Clay Pit, Netherton. 


Cordaites principalis Germar, sp. 


1848, Plabellaria principalis, Germar, Vers. v. Wettin u. Lobejun, p. 55, pl. xxiii. 
1855. Cordaites principalis, Geinitz (pars), Vers. d. Steinkf. in Sachsen, p. 41, pl. xxi. figs. 1-2, 


2a, 2b. 
_ 1886. 3 Fr Zeiller, Flore foss, bassin houil. d. Valen., p. 629, pl. xciii. fig. 3, pl. xciv. 
fig. 1. 
1911. a sf Kidston, Mém. Musée roy. @hist. nat. d. Belgique, p. 232. 


1833. Knorria taxina, L. & H., Fossil Flora, vol. ii, pl. xcev. a (stem). 


Horizons and Localities. — 

Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell Park, West 
Bromwich ; Hamstead Colliery, Great Barr, near Birmingham. 

Roof of Brooch Coal: Holly Hall, Dudley. 

Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 

Roof of New Mine Coal: Clattershall Colliery, Brettell Lane. 

Blue Measures, six feet above Fureclay Coal: Doulton’s Clay Pit, Netherton, 
near Dudley. 


Cordaites (Dorycordaites) palmeeformis Gépp., sp. 


1852. Neggerathia palmzformis, Gopp., Foss. Flora d. Uebergangs, p. 216, pl. xv., pl. xvi. figs. 1-3. 


1855. 5 5 Geinitz, Vers, d. Steinkf, in Sachsen, p. 42, pl. xxii. fig. 7. 

1864. “3 is Gopp., Loss. Flora d. perm. Form., p. 157, pl. xxi. tig. 2b, pl. xxii. 
figs. 1-2. 

1871. Cordaites palmeformis, Weiss, Foss. Flora d. jiingst. Steink. u. Rothi., p. 199, pl. xviii. fig. 39. 

1876. aa . Heer, Foss. Flora Helv., p. 56, pl. i. fig. 18. 


1877. Cordaites (Dorycordaites) palmxformis, Grand’Eury, Flore carbon. du départ. de la Loire, 
p. 214, pl. xviii. figs. 4, 5. 

1886. Dorycordattes palmexformis, Zeiller, Flore foss. bassin howil. d. Valen., p. 632, pl. xciii. 
figs. 1, 2. 

1890. Cf. Dorycordaites palmeformis, Renault, Flore foss. terr. howil. de Commentry, part 11. p. 585, 
pl. Ixvi. figs. 1-7. 

1874, Pycnophyllum palmezforme, Schimper, Traité d. paléont. végét., vol. iii. p. 563. 


Horizon and Locality Blue Binds, above Brooch Coal: Jubilee Pit, Sandwell 
Park Colliery, West Bromwich. Collected by Mr H. W. Hucugs. 
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Cordaites Brandlingi Witham, sp. 


1831. Witham, Observations on Fossil Vegetables, p. 31, pl. iv. figs. 1-6. 

1831. Pinites Brandlingi, L. & H., Fossil Flora, vol. i. pl. i. 

18335, . Witham, Internal Structure of Fossil Vegetables, pp. 43 and 73, pl. ix. figs. 

1-6, pl. x. figs. 1-6, pl. xvi. fig. 3. 

1846. Araucarites Brandling?, Gopp., in Tchihatcheff, Voyage scient. dans 1 Altai Or hewal p. 389. 

1850. os 3 Gopp., Foss. Coniferen, p. 232, pls. xxxix., xl, xli. figs. 1-7. 

1848. 7 * Germar, Vers. d. Steink. v. Wettin u. Lébejun, p. 49, pls. Xxi.—xxil. 

1847. Dadoxylon Brandlingi, Endlicher, Syn. coniferarum fossilium, p. 35. 

1870. Araucarioxylon Brandlingi, Kraus, in Schimper, J’raité d. paléont. végét., vol. ii. p. 382. 

1883. Araucaroxylon Brandlingi, K. Feistmantel, ‘Ueber Araucaroxylon in der Steink. von Mittel- 
Bohmen,” Abhandl. d. kénigl. bihm. Gesell. d. Wissen., iv. Folge, xii. Band, p. 17, pl. u. 
figs, la, 1b, le, and la. 

1877. Dadoxylon (Cordaixylon) Brandlingi, Grand’Eury, Flore carb. du départ. de la Lotre, p. 264. 

1890. Cordaioxylon Brandlingi, Scheuk, in Zittel, Handbuch d. Palaeont., ii. Abth. Palaeophyt., p. 853, 
fig. 408 (not fig. 173, p. 243). 

1888. Cordaites Brandlingi, Gopp. and Sterzel, ‘ Nachtrach. z. Kennt. d. Coniferenholzer d. Palaeoz, 

Form.,” Kénigl. preuss. Akad. d. Wissensch., p. 12, pl. i. figs. 1-4, 

1900. if se Penhallow, Trans. Roy. Soc. Canada, 2nd ser., vol. vi. p. 62, figs. 1, 9, - 

TOs Th 

1900; Cordaites (Araucarioxylon) Brandlingi, Scott, Studies in Fossil Botany, p. 418, fig. 137; 2nd ed., 

p. 528, fig. 190, 1909. 


Note.—The only specimens of this species which | have seen from the South 
Staffordshire Coal Field were a few fragments collected by the late Mr C. Brae in 
1887. One of these is exceptionally well preserved, and is that from which the figure 
of Cordaites (Araucarioxylon) Brandlingi given by Scorr (loc. cet.) was prepared. 

Horizon and Locality — Westphalian Series: Rowley Regis, near Dudley. 


Artisia Sternberg. 


Artisia approximata Bronet. 


1818. Phytolithus transversus, Steinhauer, Trans. Amer. Phil. Soc., p. 293, pl. v. fig. 3. 
1828. Sternbergia approximata Brongt., Prodrome, p. 137, 
1837. Te PA L. & H., Fossil Flora, vol. iii., pls. cexxiv., ccxxv. 


1838. Artista approximata, Corda, in Sternberg, Lssai flore monde prim., vol. ii. fase, vii.—vill., p. Xxii., 
pl. lil. figs. 1-6. 


1886. - a Zeiller, Flore foss. bassin houil. d. Valen., p. 634, pl. xciv. figs. 2, 3. 

1890. Pr Renault, Flore foss. terr. howil. d. Commentry, part ii. p. 581, pl. Ixv. fig. 4. 

1893. is -. Sterzel, ‘Flora d. Rothl. im Plauen. Grunde,” p. 109, pl. x. fig. 4 (Abhandl. 
d. kénigl. stichsischen Gesell. d. Wissensch., vol. xxxii., 1893). 

1910. oA - Renier, Paléontoloyie, pl. cxvi. 


1848. Sternbergia transversa, Sauveur (non Artis), Végét. foss. d. terr. howil. Belgique, pl. 1xix. fig. 1. 

1848, Sternbergia minor, Sauveur, ibid., pl. lxix. fig. 2. 

1869. Artisia transversa, Roehl (non Artis), Foss. Flora d. Steink.-Form. Westph., p. 148, pl. iv. fig. 8. 

1876. 5 5 Roemer (non Artis), Lethwa geog., vol. i. p. 242, pl. lv. fig. 3. 

1886. Artisia sp., Sterzel, Flora d. Rothl. im Nordw. Sachsen. (Dames u. Kayser, Palaeont. Abhand., 
Band iil. Heft. 4), p. 32, and explan. to pl. iv. figs. 5, 6. 

1899. Artista Steinkern., Potonié, Lehrb. d. Pflanzenpal., p. 267, fig. 253. 
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1901. Artisia Cordaites principalis, Stefani, Flore carbon. e perm. della Toscana, p. 103, pl. xiv. fig. 3. 
1860. Lomatophlotos crassicaulis, Kichwald (pars), Lethza Rossica, p. 156, pl. ix. fig. 3. 
1869. Lomatofloios crassicaule, Roehl (pars), Foss. Flora d. Steink.-Form. Westph., p. 146, pl. xx. fig. 3, 


pl. xxiv. fig. 3. 


Horizons and Localities.—- 
Roof of Brooch Coal : Himley. 
Ten-foot Ironstone Measures: Clayscroft Openwork, Coseley, near Dudley. 


Cordaianthus GrandEury. 


Cordaianthus Volkmanni Ett., sp. 


1852. Calamites Volkmanni, Ett. (pars), Steinkf. v. Stradonita, p. 5, pl. v. figs. 1-3 (non fig. 4, non 
pl. vi. figs. 1, 2). 

1886. Cordaianthus Volkmannt, Zeiller, Flore foss. bassin howil. d. Valen., p. 637, pl. xciv. fig. 6. 

1874. Antholithus parviflorus, Schimper, Traité d. paléont. végét., vol. iii. p. 567, pl. cx. figs. 1-3. 


Note.—Rare. 
Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 


Coseley, near Dudley. Collected by Mr H. W. Hucuss. 


Cordaianthus Pitcairnie L. & H., sp. 


1833, Antholithus Pitcairniz, L. & H., Fossil Flora, vol. ii. pl. lxxxii. 
1881. Cordaianthus Pitcairniz, Renault, Cours, d. bot. foss., vol. i. p. 94, pl. xiii. fig. 7. 


1886. “1 53 Zeiller, Flore foss. bassin houil. d. Valen., p. 639, pl. xciv. figs. 4, 5. 
1911. a fh Kidston, Mém. Musée roy. @hist. nat. de Belyique, vol. iv. p. 235. 
1910. Renier, Paléontologie, pl. exiii. 


1872. Cardiocarpon Lindleyi, Carr, Geol. Mag., vol. ix. p. 55, figs. 1, 2. 
Horizons and Localities. — 
Blue Measures, six feet above Brooch Coal: Jubilee Pit, Sandwell Park 
Colliery, West Bromwich. 
Roof of Brooch Coal: Shut End. 


Cordaianthus sp. 


Remarks.—A form allied to Cordaanthus Pitcarrmex, but apparently specifically 


distinct from that species. 
Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 


Coseley, near Dudley 
Cordaianthus sp. 


Several specimens of a form of Cordaianthus allied to Cordaanthus major 
Renault * have been collected at Sandwell by Mr H. W. Hucuss. 
The specimens bear oval seeds, distichously placed, from 1°30 cm. to 1°90 cm. long, 


* Flore foss. terr. howil. d. Commentry, part ii. p. 5938, pl. Ixxii. figs. 33, 34, 1890. 
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according to their position on the axis. Occasionally the seeds appear as if enclosed in | 
bracts, and at some places a large subtending bract is present. 

These are the first British specimens of the kind which I have met with. 

Horizon and Locality.—Blue Measures, above Brooch Coal: Jubilee Pit, Sand- 
well Park Colliery, West Bromwich. 


SEEDS. 
Samaropsis Goppert. 


Samaropsis Gutbieri Geinitz, sp. 
Pl. XVI. fig. 2. 


1855. Cardiocarpon Gutbieri, Geinitz, Vers. d. Steinkf. in Sachsen, p. 39, pl. xxi. figs. 23-25. 

1888. Cardiocarpus Gutbieri, Kidston, Trans. Roy. Soc. Edin., vol. xxxiil. p. 403, pl. xxiii. fig. 5. 

1893. 5 3 Potonié, Flora d. Rothl. v. Thiiringen, p. 254, pl. xxx. figs. 15-19. 

1881. Cardiocarpus sclerolesta, Brongt., and Cardiocarpus sclerotesta minor, Brongt., Recher. graines foss. 

silic., p. 37, pl. A, figs. 5, 6. 

Description.—Winged cordate seeds longer than broad or broader than long, with 
a sharp point and a rounded or notched base. Wing rather narrow, wider at base, and 
gradually becoming narrower as it reaches apex. Nut lenticular in section. 

Remarks.—These seeds vary much in size and in the relative proportions of length 
to width. According to Guinirz they attain a width of 2 cm., the same size as that 
figured here; but Poronr, who unites Cardiocarpon remforme Geinitz* with Samar- 
opsis Gutbiert, ascribes to them a width of 3-5 cm. 

Potonié has suggested that the specimens of Cardzocarpus major figured by 
Granp Hury j and Renavir{ may be isolated nucules of Samaropsis Gutbierit. This 
is most probably the case, for in the small specimen | figured from the Radstock 
Coal Field§ the nucule lifts out of the matrix, and in form is identical with the 
Cardiocarpus major, as figured by these authors, only slightly smaller. In my 
specimen, however, the nucule when replaced in the little hollow in the matrix is seen 
to have been surrounded by a wing which occurs as a stain on the stone. 

Horizons and Localities.— 

Shale over Brooch Coal : Holly Hall, near Dudley. 
Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 
Roof of Thick Coal : Tipton. : 


Samaropsis Meachemi Kidston, sp. 
1888. Cardiocarpus Meachemi, Kidston, Trans. Roy. Soc. Edin., vol. xxxv. p. 330, plate, figs. 5-7. 
Horizon and Locality.—Blue Measures, above Brooch Coal : Hamstead Colliery, 
Great Barr, near Birmingham. 


* Dyas, p. 145, pl. xxxi. fig. 16, 1861-62. + Flore carbon. du départ. de la Lotre, p. 235, pl. xxvi. fig. 16. 
ft Flore foss. terr, howil. d. Commentry, part ii. p. 600, pl. xxii. figs. 10, 11, 1890. § Loe, cit. 
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Samaropsis quadriovata Kidston, n. sp. 
Pl. XVI. figs: 1;.le. 


Description. —Seed winged, quadrate-oval, 9 mm. long and 7 mm. wide. Nucule 
cordate-acute, with a slight basal notch 6 mm. long and 5°50 mm. wide at base; wing 
very narrow at base, but gradually widening as it advances upwards towards the apex, 
where it is slightly emarginate and attains a width of fully 2 mm., for about which 
distance it extends beyond the apex of the nucleus. 

Remarks.—The seed is shown natural size on Pl. XVI. fig. 1 and enlarged 2 
times at fig. la. It is somewhat of the type of Samaropsis flutans Dawson,* but is 
larger, more quadrate, and the wing is not so much developed at the upper end of 
the seed. 

There are several other described species of Samaropsis to which Samaropsis 
quadriovata is more or less closely related, but with the figures and descriptions of 
these there is none with which it accurately agrees. Among these allies may be 
mentioned Cardiocarpus simplex Lesqx.,t but this has a wing of about equal width all 
round the nucule. ‘'o Cardiocarpus (Samaropsis) latealatus Lesqx. { it has also some 
similarity, but this also has a wider wing at the base and is more contracted into a 
point at the apex. 

With one of the figures of Cardiocarpus crassus Lesqx., that given in the Coal 
Flora, vol. iii. p. 812, pl. cix. fig. 12, it agrees in some respects, but the nucule of 
this species is much more oval and the wing narrow. This specimen may be specifically 
distinct from the other specimens figured by LEesQuEREUX under the same name on 
pl. cx. figs. 6-9. 

Samaropsis quadriovata may be further compared with the Cardiocarpon 
Olwevranum White,§ but one of the distinctive characters of this seed is the notched 
apex of the nucule, which is also slightly narrower in proportion to its length than in 
our seed. With Cardiocarpon Moreiranum White || it has also some similarity, but 
this is a smaller seed, and the nucule appears to be more acute and the wing broader. 

There is no class of fossils more difficult to identify than seeds, for probably their 
form and certainly their size must have varied much at different stages of development, 
and this circumstance is an initial difficulty which can only be overcome when a good 
series of specimens are obtainable. Another difficulty, perhaps not less, is the imperfect 
figures and descriptions that have been given of many of the described species. It is 
therefore not without some reluctance that I apply a distinctive name to this seed, 
but, having failed to identify it with any known species, it seemed the only course to 
follow. 


* Cardiocarpum fluitans, Dawson, Quart. Journ. Geol. Soc., vol. xx. p. 165, pl. xii. fig. 74, 1865. 

t Coal Flora, p. 569, pl. lxxxv. figs. 49, 50. 

{ Loc. cit., p. 568, pl. lxxxv. figs. 46, 47. 

§ Commussio de Estudos das Minas de Carvao de Pedra do Brazil: Final Report, 1908, p. 565, pl. x. fig. 9. 
|| Loc. cit., p. 563, pl. x. fig. 10. 
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Horizons and Localities——Blue Measures, above Brooch Coal: Jubilee Pit, Sand- 
well Park Colliery, West Bromwich: collected by Mr H. W. Hucues. Hamstead 
Colliery, Great Barr, near Birmingham : collected by Mr Henry Instey. 


Samaropsis acuta L. & H., sp. 
1833. Cardiocarpum acutum, L. & H., Fossil Flora, vol. 1. pl. lxxvi. 


Remarks.—The most constant occurrence of Samaropsis acuta L. & H., sp., with 
Eremopteris artenusiefolia Sternb., sp., early gave rise to the suggestion that they 
belonged to that plant. The late Professor Duns, D.D., published a note in the Proc. 
Roy. Soc., Edin., session 1871-72, p. 692, in which he pointed out the frequent associa- 
tion of these seeds with Hremopteris artemisizxfolia ;* but up to the present, as far as 
I am aware, no specimens showing their organic connection have yet been discovered. 

Dr Arper figures some seeds under the name of Cardiocarpus acutus L. & H. 
from the Kent Coal Field; + but if the figure is an accurate representation of the 
fossils, then his seeds must belong to another species. 

There are in my possession some specimens of Samaropsis acuta L. & H., sp., 
which show considerable details of their internal organisation. These I hope to describe 
at an early date. 

Horizon and Locality.—Roof of Stinking Coal: Clattershall Colliery, Brettell Lane. 


Samaropsis sp. 


Remarks.—This species is closely related to the Cardzocarpon elongatum Newberry, 
but is slightly smaller. It is 1:10 em. long and about 0°70 cm. wide; the pointed 
nucule is 0°80 em. long and 0°60 wide. ‘The wing is only about 1 mm. wide near the 
base, but increases in width upwards and where it extends past the nucule it is 2°5 mm. 
broad. The extreme apex of the wing seems to be rounded, but is slightly defective, 
so it cannot be determined whether or not it is emarginate. I have only seen two 
specimens, both collected at the same locality by Mr H. W. Hucurs. 

Horizon and Locality.—Blue Measures, above Brooch Coal: Jubilee Pit, Sandwell 
Park Colliery, West Bromwich. 


Tripterospermum Brongniart. 
1881. Tripterospermum, Brongt., Recher. sur les graines fossiles silicifiées, p. 25. 
Description.—Seed with a thick testa and three very prominent wings. When the 
nut is deprived of the testa it generally presents the form of Trigonocarpus. 


* The specimens on which these observations were made were shown to me by the late Dr Duns. All those with 
the associated Samaropsis acuta were the Hremopteris artemisixfolia, and one of the specimens which he gave me on 
that occasion is in my collection, No. 769. None of his specimens bore any locality, but from an examination of his 
examples I believe they all came from the Northumberland or Durham Coal Field, as the matrix and general appear- 
ance agree with specimens from that locality. 

+ Quart. Journ. Geol. Soc., vol. Ixv. p. 29, pl. i. fig. 5. (Enlarged 2 times.) 

{ Geol. Survey of Ohio, vol. i. part ii., “ Paleeontology,” section iii. p. 378, pl. xlii. fig. 5, 1873. Les@x., Coal Flora, 
p. 567, pl. Ixxxv. fig. 41, 1879. 
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Remarks.—Broneniart founded this genus for the reception of certain seeds with 
their structure preserved, but the above external characters given by him for his genus 
so entirely agree with some seeds I have seen from the South Staffordshire Coal Field 
that I have little hesitation in placing them in Tripterospermum Brongt. 

It is quite possible that when the nucules of Tripterospermum are deprived of their 
testa they might be placed in error in the genus Trigonocarpus. Tripterospermum 
seems, however, to be somewhat rare in Britain. 


Tripterospermum ellipticum Kidston, n. sp. 
Pl XIV. ties. 1a, 10; lead. 


Description.-—Seed elliptical, 6 em. long and 2°50 cm. wide, with three prominent 
wings of an almost equal width of 5 mm. throughout their whole length; their rounded 
ends project slightly past the apex of the seed, and at the base they become rounded 
and form a small notch; “nucleus” about 5 em. long and 1 cm. wide. 

Remarks.—This specimen is preserved in an ironstone nodule. Owing to the 
carbonaceous matter of the wings having caused weak parts in the stone when split, it 
separated into three portions. These are shown in natural size on Pl. XIV. at fig. 1, 
a, b, c; when they are put together, their relationship to each other is shown at 
fig. ld. The seed is well preserved in so far as showing its form and the width of 
the wings. 

The fossil was collected by the late Mr Henry Jounson, F.G.8., who some years 
ago lent it to me for examination. 

Horvzon and Locality.—Ten-foot Ironstone Measures: Clayseroft Openwork, 
Coseley, near Dudley. 


Tripterospermum Johnsoni Kidston, n. sp. 
Pl. XIV. fig. 2. 


Description.—Seed narrow cordate, emarginate at apex, about 3°50 cm. long and 
2cm. wide. Nucule ovate acute, about 1 cm. wide and 1:50 cm. long. Seed provided 
with three prominent striated wings about 0°75 cm. wide at centre of seed, but which 
narrow upwards and extend considerably beyond the apex of the nucule; wing extend- 
ing beyond base and apex of seed ; emarginate. 

Remarks.—This fossil also occurs in an ironstone nodule, of which only one part has 
been preserved. From the manner in which the nucule occupies the highest point of 
the stone, from which the wings dip down on each side, one can easily observe that the 
specimen is a 7’71pterospermum and not a Samaropsis. In general character it is very 
similar to Tripterospermum ellipticum, but it is distinguished from that species by its 
smaller size, and above all by its greater width and much broader wings. 
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I received this specimen from the late Mr Henry Jounson, jun., after whom I have 
pleasure in naming the fossil. It is shown natural size on Pl. XIV. fig. 2. 

Horizon and Locality. — Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. (K/3573.) 


Polypterospermum Brongt. 
1881. Polypterospermum, Brongt., Recherches sur les graines foss. silicifices, p. 27. 


Description.—Seed ovoid, obtuse at base and pointed at the summit; in transverse 
section hexagonal, with six more prominent wings, one arising from each angle, and six 
short and truncated wings springing from the sides between the angles. 

The specimens placed under this genus have twelve wings, but in the case of casts 
it may be difficult to determine whether the wings are of equal or unequal width. ‘The 
fact of the seeds possessing twelve wings would seem to be sufficient justification for 
their being included in Polypterospermum, even if the wings were of equal width. 


Polypterospermum ornatum Kidston, n. sp. 
Pl. X. figs. 6, 7, and 7a; Pl XIV. fies: 5—9. 


Description.—Seed oval, hexagonal in transverse section, from 1°40 cm. to 2 cm. 
long, and bearing twelve wings. ‘The wings are of unequal width, those springing from 
the angles wider than those which arise between the angles. At the apex the wings— 
possibly only the wider ones which spring from the angles—extend upwards and terminate 
in sharp points. Outer surface between the wings ornamented by somewhat irregular 
transverse ridges. 

Remarks.—In a compressed condition it might be very difficult to recognise this 
seed, as in such a state all the wings except those at the margins might be obliterated ; 
but all the specimens described here are preserved in clayband ironstone nodules, and 
though some are compressed, the majority have left an uncompressed impression in the 
nodule, which, when split open, shows the impression of the uncompressed seed. In all | 
these cases the seed has been entirely removed, and only its hollow impression remains. 
When the nodules are split, the wing is generally found on the matrix forming a 
border to the two margins of the seed, and the positions of the other wings are indicated 
by longitudinal furrows on the impression. Although, through imperfections, no one 
specimen has shown the twelve wings as far as I know, still, from an examination 
of such specimens as we possess, it would appear that twelve wings was the number 
possessed by the seed. 

Fig. 9, Pl. XIV., shows what appears to be halfof a seed ; the other half of the nodule 
has unfortunately not been preserved. It is slightly compressed, but the position of 
four or five wings can be seen, in addition to one on the matrix at each side of the seed, 
so that twelve seems to have been the original number of wings here. The same seems 
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probable in regard to the seeds seen on Pl. X. fig. 6 and fig. 7, though there is only 
about the third of the circumference of the seed seen at the latter figure, and on 
Pi Al. at fies. 5, 6. 

At fig, 7, Pl. XIV., a small flattened example is given, but even here the longitudinal 
lines indicating the position of wings can be seen, and a broad wing extends on the 
matrix from each of the margins. This wing is broader than the wing seen on any of 
the other specimens, and can be compared with that shown on fig. 6 of the same plate. 
It is possible, then, that in this species six of the wings were wider than the other six, 
but it should be pointed out that here this apparent difference in width may be due to 
more perfect preservation and not toa true structural difference. At the apex the wings 
seem to have narrowed as they bent over the top of the seed, where they rose upwards 
as sharp points extending past the apex ofthe seed. When perfect, what now appear as 
spine-like projections may have united amongst themselves to form the micropylar 
tube. They are seen on the crushed specimen given on Pl. XIV. fig. 8. 

Polypterospermum is described as hexagonal in transverse section, but one would 
think that the six intermediate wings must have had some effect in producing 
intermediate though perhaps weaker angles. 

Between the ribs, the outer surface is ornamented by irregular transverse ridges, 
which are well seen on the specimen given at Pl. X. fig. 7, and its enlargement, fig. 7a, 
and on Pl. XIV. fig. 5, and its enlargement on Pl. X. fig. 6. This ornamentation 
consists of transverse ridges of unequal distance apart and generally slightly curved. 

Polypterospermum ornatum seems to be rare in the South Staffordshire Coal Field, 
but more common in the Derbyshire Coal Field, though, as far as I know, at only one 
locality, where a number of specimens have been discovered by Dr L. Moysry, F.G.S.,_ 
to whom I am indebted for the example shown on Pl. X. fig. 7, and those on Pl. XIV. 
figs. 5 and 6, which are figured here to illustrate more fully the structure of the seed, 
which may possibly belong to one of the Pteridosperms, though one cannot speak 
with any certainty as to its relationships. 

The South Staffordshire specimens were collected by Mr H. W. Hucuss, F.G.S. 

Horizon and Locality.—Ten- foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Carpolithes Schlotheim. 
Carpolithes ovoideus G. & B., sp. 


1848. Rhabdocarpus ovoideus, Gopp. and Berger, in Berger, Fruct. et semin., p. 22, pl. i. fig. 17. 

1864. 5 Gopp., Foss. Flora d. perm. Form., p. 173, EL xxvii. figs. 9, 10. 

1871. eh choccorpass (1) ovordeus, Weiss, Foss. Flora d. jiingst. Sth, u. Rothl., p. 206, pl. xvii. fig. 4, 
pl. xviii. figs. 10-14, 18-21. 

1883. Carpolithus ovoideus, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p, 404, pl. xxiii. figs. 7, 8. 

1888. . Kidston, zbzd., vol. xxxv. p, 330, plate, fig. 8. 

1892. Cordidieaanis ovoideus, Zeiller, Flore foss. bassin houtl. et perm. d. Briéve, p. 92. 
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Horizons and Localities.— 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. Collected by Mr Meacuem. 
Above Brooch Coal: Tividale. 
Immediately below Thick Coal: Hamstead Colliery, Great Barr, near 
Birmingham. Collected by Mr H. Instey. 


Lagenostoma Williamson. 


Lagenostoma oblonga Kidston, n. sp. 
Pl Vil tgs; 1ay,2, 12a: 


Description.—Seeds borne in pairs at the extremities of short, dichotomously — 
divided branchlets, and surrounded by an oblong cupule 1 cm. long and 3°50 mm. wide, 
which splits into six linear segments about 4 mm. long and about 1 mm. wide, that end 
in sub-acute points. Seed small, oval, 2°50 mm. long, and about 1°50 mm. wide. 


7 
TEXT-FIG. 8.—Lagenostoma oblonga Kidston, Seed enclosed in cupule, enlarged 34 times. 

Remarks.—A single specimen of this fructification has been found. It is preserved 
in a small ironstone nodule, and the two halves are seen on Pl. VII. figs. 1, 2, natural 
size. These are enlarged 2 times at figs. la and 2a. Owing, however, to the 
colour of the matrix, the fossil does not show up so clearly in the photographs as it 
does on the specimen. I therefore add an outline sketch of the cupule on the right 
of fig. 2. Here the form of the segments into which the cupule splits are better seen. 
Their lower portion is linear, but above they contract into a sub-acute point. On all 
the figures indications of the outline of the seed are seen. In one cupule it lies near 
the base; in the other, higher up (text-fig. 8)—in the latter case evidently displaced 
from its original position. 

The foot stalks are short and stout for the size of the seed. 

Lagenostoma oblonga is closely related to Lagenostoma Sinclawri Kidston,* but 
is distinguished by its larger size, the oblong, not campanulate form of the cupule, 
and the smaller size of its seeds. In Lagenostoma oblonga the oval seed is 2°50 mm. 
long and 1°50 mm. broad; in Lugenostoma Sinclair it is from 4 to 5°5 mm. long and 
from 1°5 to 3 mm. in breadth. 

* In Arper, Proc. Roy. Soc. London, vol. B, lxxvi. p. 251, pl. ii. figs. 7-11, 1905. 
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The specimen was collected by Mr H. W. Hucuss: 
Horzon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Lagenostoma? urceolaris Kidston, n. sp. 
PIS Vistas, 9e 0; 10a, 


Description.mSeed urceolate, truncate, about 3 cm. long and 2°50 cm. wide. 
Micropyle base surrounded by a prominent canopy about 0°50 cm. high and about 
0°50 cm. wide, and of about the same height as micropyle. 

Remarks.—The seed occurs in an ironstone nodule, and though few of the 
structural details are preserved, those which are shown are of suflicient interest 
for description. 

The two halves of the specimen are given natural size on Pl. XVI. figs. 9, 10, and 
enlargements are added at figs. 9a, 10a. The general form of the seed is urn-shaped, 
with a truncate top. ‘he integument is seen on fig. 9a at a, which gradually expands 
upwards to form a prominent ‘“‘canopy” b. The pollen chamber is seen at c, which 
contracts into the micropylar beak d. All trace of a “central column” springing 
from the base of the pollen chamber has entirely disappeared, if ever such a structure 
existed in this seed. 

At e are preserved the crumpled and broken-up remains of the nucellus, and at f 
the empty passage of the vascular strand which entered the chalaza is seen. Between 
the remains of the nucellus and the integument is a space, now filled with white 
ealcite g, which looks as if the nucellus might possibly have been free down to the base, 
but probably this space has been formed through the decay of the tissue at this part. 
If, however, the nucellus were free to the base, then of course the seed cannot be 
included in the genus Lagenostoma, where it is provisionally placed. Another 
explanation may be suggested for the parts lettered b, figs. 9, 10. These may be fleshy 
expansions of a soft outer layer, and not a cupular structure, but this explanation seems 
very improbable. It is much larger than any other member of the genus as at present 
kaown, but that circumstance is not sufficient for its exclusion. 

Although we may not be able to allocate the seed definitely to any genus, there 
does not seem to be room for much doubt that it belongs to one of the Pteridosperms. 

The specimen was collected by Mr H. W. Hucuss, F.G.8. 

Horizon and Locality—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Rhabdocarpus Goppert and Berger. 


Rhabdocarpus elongatus Kidston. 


1886. Rhabdocarpus elongatus, Kidston, Trans. Geol. Soc. Glasgow, vol. viii. p. 70, pl. iii. fig. 6. 
1910. ~ % Arber, Proc. Yorks. Geol. Soc., vol. xvii. p. 155, pl. xviii. fig. 4. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 21 
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Remarks.—Some very fine specimens of this seed have been given me by 
Mr H. W. Hueues, F.G.S., from the Clayscroft Openwork, the largest attaining 
a length of 29 mm.; but in no other respect than in size do they differ from the type 
specimens, which are only about 15 mm. long. These two extremes in length are, 
however, connected by a chain of intermediate sizes. 

Horizon and Locality. — Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Rhabdocarpus Renaulti Kidston. 


1890. Rhabdocarpus ovoideus, Renault (non Gépp. and Berger), More foss. terr. houil. de Commentry, 
p. 639, pl. xxii. fig. 20. 


Description.Seed oval, about 4 cm. long and 2 cm. broad, contracted at apex 
into a micropylar beak, and at base into a stalk-like prolongation. Outer surface 
irrecularly striated with numerous fibrous thread -like strands, which are very 
irregularly distanced from each other and flexuous in their upward course. 

Remarks.—A single specimen of this seed has been found by Mr H. W. Hucuss 
in the South Staffordshire Coal Field, but I possess the same fossil from the Westphalian 
Series of Yorkshire, which was collected by Mr Hemineway (No. 3289). 

As the name given by Renautt to his seed had been previously employed by 
GoprerRT and BrerceEr,* and notwithstanding that the Rhabdocarpus ovoideus Gopp. 
and Berger is now placed in the genus Carpolithes or Cordaicarpus, it is necessary 
to apply another specific name to Renautt’s Rhabdocarpus, and I propose to dis- 
tinguish it as Rhabdocarpus Renault. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Rhabdocarpus Oliveri Kidston, n. sp. 
Pl. XVI. figs. 6, 6a, 7, and 8. 


Description.—Seed radiospermic, ovate acute, 4 cm. long (probably longer when 
micropyle was perfect) and 2°10 cm. wide. Outer surface with numerous longitudinal 
striz, at micropylar end gently ribbed and formed of an outer sarcotesta or soft layer, 
and an inner sclerotesta or stony layer, within which is the nucellus. Pollen chamber 
large, broad, and contracted into a micropylar tube. 

Remarks.—Five specimens of this seed have been found at Clayscroft Openwork, 
Coseley, all of which occur in ironstone nodules. Of these, both halves of three of the - 
nodules have been preserved. 

On Pl. XVI. figs. 6 and 7 the two halves of the same specimen are shown natural size. 
That at fig. 6 shows some indications of the internal organisation of the seed, which is 


* Fruct, et sémin., p. 22, pl. i. fig. 17, 1848. 
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held in position by carbonate of lime; that at fig. 7 shows the impression of the outer 
surface of the seed. In this half there were also originally a few remains of the 
internal structure, but so imperfect that they threw no light on the organisation of the 
seed. They were therefore removed with acid, so that the appearance of the outer 
surface of the seed could be seen. A plastocene cast was made from this, and from it 
the photograph given at fig. 7 was taken. Fig. 8 is from the cast of another specimen, 
from which the contained matter was similarly removed with acid. 

The outer surface of the seed is seen to have numerous longitudinal narrow bands 
which project on the surface; they are not equally distant from each other, and 
frequently bend somewhat to one side or the other. 

They sometimes run in pairs, but are more commonly single, and converge towards 
the base of the seed. In one case at least these bands seem to unite. On the half 
shown at fig. 8 these bands are seen more distinctly on the cast than in the photo- 
graphs, but are fairly distinctly represented on the figures, especially on fig. 8, where 
there are about thirty of them on the exposed surface. 

These bands more probably represent sclerenchymatous fibres than a vascular 
system, but one cannot speak with certainty on this point. 

On the upper part of the seed, that occupied by the pollen chamber and micropyle, 
the outer surface seems to have been slightly ribbed. 

What remains of the internal organisation can be best understood by referring to 
fig. 6a, which shows the specimen given at fig. 6, enlarged 2 times. 

The micropyle is seen at a, springing from the roof of the pollen chamber b. At c 
is preserved what is probably the upper part of the nucellus. The stony layer or 
sclerotesta is seen at d, at e the remains of the contracted prothallus, and at / the 
cavity originally occupied by the sarcotesta or soft outer layer, now filled with lime. 

The teeth-like points seen on the outer wall of the pollen chamber between the 
letters a and 0 are sections of the ribs of the sclerotesta on the upper part of the seed, 
broken through obliquely. 

It is impossible to refer this seed, with our present scanty knowledge, to any definite 
plant, but the external characters do not seem to differ in any way from the seeds 
of Neuropteris. They possess the same striated outer surface, and differ only from 
those of Neuropteris heterophylla and Neuropteris obliqua in form and in being 
broader, or more oval. It is slightly smaller than the largest known seed of 
Neuropteris heterophylla, which is about 5 cm. long, while those of Neuropteris 
obliqua are even larger, though their full length is not known.* 

That it is Pteridospermous there seems little reason to doubt. 

I have pleasure in naming this fossil after Professor F. W. Oxrver, F.R.S., to whom 
we owe so much for our knowledge of the Carboniferous seeds. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. Collected by Mr H. W. Hucuss. 


* See Kipston and Jonemans, Archives Néerlandaises d. Sc. exactes et nat., sér, iii., B, vol. i. p. 25, plate, 1911. 
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Rhabdocarpus inflatus Lesqx. 


1884. Rhabdocarpus inflatus, Lesqx., Coal Flora, vol. iii. p. 815, pl. ex. fig. 36. 
1890. Carpolithus inflatus, Kidston, Trans. York. Nat. Union, part xiv. p. 63. 


Remarks.—The longitudinal striations are very fine and regular, and in some cases 
are scarcely visible. They appear to be more distinct when the epidermal layer is 
removed from the specimen, and are possibly fine strands of sclerotic tissue. Though 
I was originally inclined to include these fossils in Carpolithes, the presence of the 
longitudinal bands must exclude them from that genus, as far as at present I 
understand it. 

On account of our imperfect knowledge of the seeds that occur as incrustations, any 
proposed classification can only be regarded as provisional, though it is necessary to 
distinguish the various groups by different provisional generic names, if for no other 
reason than to enable one to record and to refer to them. 

Horizons and Localities.— 

Roof of Brooch Coal: Tividale. 
Roof of Thick Coal: Bradley Colliery, Bilston. 


Rhabdocarpus Wildi Kidston, sp. 
1892. Carpolithes Wildi, Kidston, Trans. Manchester G'eol. Soc., part xiii. p. 408 (text-fig.). 


Remarks.—As this species has also the longitudinal parallel bands of Rhabdocarpus, 
I have removed it from Carpolithes, in which genus I originally placed it. 

Horizon and Locality. — Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Trigonocarpus Brongniart. 


Trigonocarpus Noeggerathi Sternb., sp. 


1826. Palmacites Noeggeratht, Sternb., Essai flore monde prim., vol. i. fasc. iv. p. xxxv and p. 49, pl. lv. 
figs. 6, 7. 
1828. Trigonocarpum Noeggerathi, Brongt., Prodrome, p. 137. 
1886. Trigonocarpus Noeggerathi, Zeiller, Flore foss. bassin houtl. d, Valen., p. 649, pl xciv. figs. 8-11. 
(Lael. ref. L. & H.) 


1888. - s Kidston, Trans. Roy. Soc. Hdin., vol. xxxiii. p. 408, pl. xxiii. 
fig. 3. 
1889. e , Kidston, zbid., vol. xxxv. p. 414, pl. ii. fig. 4. 


1826. Palmacites dubius, Sternb., Hssaz flore monde prim., vol. i. fase. iv. p. xxxv and p. 50, pl. lviii. 
figs. 3a, b, c, d. 
Remarks.—This seed is apparently rare in the coal field. 
Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


FOSSIL FLORA OF THE STAFFORDSHIRE COAL FIELDS. 165 


Trigonocarpus sp. 


Remarks.—Several specimens of Trigonocarpus have occurred at the following 
localities, but were not in a good state of preservation for a satisfactory determination, 
though specifically distinct from that mentioned above. 

Horizons and Localities. — 

Ten-foot Ironstone Measures: Kttingshall. 
Immediately below Bottom Coal: Ruiton, near Sedgley. 


Hexagonocarpus Renault. 


1890. Hexagonocarpus, Renault, Flore foss. terr. houtil. de Commentry, deux. part, p. 649. 


Description.Seeds elongated, hexagonal in transverse section, and prolonged at 
the angles into six more or less prominent wings. 

Remarks.—These seeds are most frequently represented by casts of the cavity 
originally surrounded by the sclerotesta, and which in section show a corresponding 
number of ridges to that of the wings. 

Hexagonocarpus is distinguished from Trigonocarpus in having six equally 
prominent ribs on the ‘“‘ nut” and in the base of the seed ending in a hexagonal flattened 
cone caused by the six ribs extending over its surface and meeting in the centre. 

In Trigonocarpus there are three prominent and three faint ridges, the latter often 
searcely visible, and the nut has more a circular than a hexagonal form in transverse 
section. The ribs also do not extend over the base, which is generally bluntly rounded. 

Well-preserved specimens of Hexagonocarpus are very easily distinguished from 
Trigonocarpus, especially when the nut is free from the matrix or the base exhibited ; 
but, if badly preserved and partially embedded in the matrix, they might easily be 
mistaken for Trigonocarpus. 

The genus Hexagonocarpus does not appear to be common in British Carboniferous 
rocks, though more than one species is known to occur. 


Hexagonocarpus Hookeri Kidston, n. sp. 


1848. Hooker, “On the Structure and Affinities of Lepidostrobus,” Mem. Geol. Survey of Great Britain, 
vol. u1. part il. p. 456, fig. 5. 

Description.—Nucule 6°50 mm. to 8 mm. long, gradually tapering to a pointed 
apex, and terminating below in a short hexagonal cone. The sides have six equally 
prominent ribs, which extend over the base and divide it into six triangular areas. 

Remarks. —The specimen figured by Hooker as a probable sporangium of 
Lepidvdendron elegans is evidently a small Hexagonocarpus. I have seen other 
and better examples of “nuts” which are apparently referable to the same seed, from 
Dove Cliff, near Barnsley, Yorkshire, collected by Mr W. Humtneway (Hor. Woolley 
Edge Rock, Westphalian Series). ‘These latter examples are free from the matrix, 


166 DR ROBERT KIDSTON ON THE 


and show very clearly the distinctive characters between Hexagonocarpus and 
Trigonocarpus. 

There is no definite locality given for the specimen figured by Hooker, but it was 
said to be in the collection of the late Mr Jonn Gray, of Dudley, and occurred in a 
nodule of iron pyrites. 

Hexagonocarpus Hookeri is very rare in the South Staffordshire Coal Field, and 
the only locality from which I have seen specimens is that mentioned below. 

Horizon and Locality.—Ten-foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Gymnospermee. 
Whittleseya Newberry. 


The genus Whittleseya has been referred by some to the G'inkgoacex or 
Salisburiacex, and the evidence for and against this position being accorded it has 
been fully discussed by S—Ewarp and Gowan,* and by WuHirTE.t 

It might, however, be stated that this suggested affinity of Whuttleseya rests entirely 
upon the form and structure of the leaves, and therefore does not stand on a sure basis. 

If I am correct in referring the fossils described here under the name of Whittleseya 
? fertilis to that genus, then its affinities appear to be rather with the Cycads than 
with Ginkgoacex. 


Whittleseya elegans Newberry. 


1853. Whittleseya elegans, Newberry, Ann. of Sci. of Clevel., vol. v. No. 1, p. 116, figs. 1, 2b. (Fide 
Lesquereux. ) 


1879. 53 5»  Lesquereux, Coal Flora, vol. ii. p. 523, pl. iv. figs. 1, la. 

1885. ss » Renault, Cours de botan. foss., vol. iv. pp. 69 and 193, pl. v. figs. 9, 10. 
1900. f »  Zeiller, Eléments de paléobot., p. 250, fig. 176. 

1901. - » White, Ottawa Naturalist, vol. xv. No. 4, p. 110, pl. vii. fig. 5. 

1904. a » Potonié, Abbild. u. Beschreib. foss, Pflanzen, Lief. ii. No. 40, figs. 1-4. 
1912. 5 5,  Lhomas, Palaeobot. Zeitschrift, vol. i. p. 46, text-figs. 1, 2. 


Remarks.—The only British specimen yet discovered, as far as | am aware, is 
that figured and described by Mr H. Hamsuaw Tuomas, { and which was found by 
Mr 8S. P. Heatu. 

Horizon and Locality.—Ten-foot Ironstone Measures. Contained in an ironstone 

nodule from Doulton’s Clay Pit, near Dudley. 


Whittleseya (?) fertilis Kidston, n. sp. 
PI XV. figs. 1 to 10. 


Description.—Sporangial structure formed of two dentate, cuneate, scale-like parts, 
with many strong parallel veins and upper angles slightly rounded and infolded, basal 


* Ann. of Bot., vol. xiv. p. 138; see also pp. 185-147. 
+ Ottawa Naturalist, July 1901, pp. 106-110 ; see also Scort, Studies, 2nd ed., part ii. p. 611, and ZerLuER, Lléments 
d. paléobot., p. 247. t Loc, cit. 
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extremity contracted into a pedicel-like termination. In one of the scales is a narrow 
depression becoming more pronounced towards the upper end, in the other a 
corresponding elevation, but not of so great extent as the depression; thus when the 
two scales rest on each other at their margins a space is left between them, and though 
they meet together closely they do not appear to be united ; the upper toothed margins 
of the two scales also bend inwards towards each other, but also appear to remain free. 
The two scales thus form a closed, somewhat flattened tubular sporangial-like structure. 
Within this sporangial body numerous spores are produced, which, in the fossil state, 
adhere to the inner surface of the two scales. In all cases the sporangia have 
disappeared from the specimens examined. The microspores are from u 210 to u 222 
long, oval, smooth, with thick walls, and sometimes show indications of a central 
longitudinal cleft or line running down one surface of the spore. 

Remarks.—-Several specimens of these interesting fossils are figured on Pl. XV. to 
show their varying form and size. Their length varies from 1°4U cm. to about 2°40 cm. 
The width also varies in proportion to the length of the scale; hence some specimens 
appear much narrower than others. This is seen if figs. 2 and 6 be compared. Their 
upper margin bears six to eight teeth. These bend inwards along with a small part 
of the upper end of the scale to meet the corresponding teeth on the other scale; hence 
the teeth are not well seen in the photographs, where they are represented in a 
foreshortened view, but they can be observed on figs. 1 to 4 and the corresponding 
enlargements of these specimens. As mentioned already, the tip of the whole scale 
bends inwards as well as the margins; so when the two scales are in close contact at 
their upper and lateral margins, which they certainly were, though probably not 
organically united to each other, a little pocket is formed between them. The fact 
that the upper margin of the scales had distinct teeth would perhaps indicate that 
this part, though closely adpressed to the same part of its opposite neighbour, 
remained free, and probably any union that took place between the scales was only at 
the base. 

When the small nodules containing these fossils are split—and as far as I know they 
have hitherto only been found in such at Clayscroft Openwork—many are empty, but 
a fair proportion contain microspores. ‘These sometimes lie loose as a powder, but 
when most plentiful they are cemented or held in position on the bract, or perhaps 
more correctly, the sporangiophylls, by carbonate of lime, and are seen to adhere 
equally to the inner surface of both the scales forming the fertile structure. This, 
however, does not necessarily prove that they were originally borne on both surfaces, 
for the lime in solution, while filling the cavity, would distribute any loose spores 
throughout its substance ; and when the nodules are split, the lime adhering to both 
the inner surfaces shows each to be coated with microspores. 

It has already been mentioned that one of the two scales forming the sporangial 
structure has a deep pocket-like depression in the upper part, and it is, I believe, in 
this inner and deeper cavity that the microspores are developed, though the pocket 
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practically extends over the whole surface of the scale, though shallow and not so 
pronounced in the lower half. 

A scale entirely covered with microspores embedded in lime is seen natural size at 
fig. 5, and enlarged about 4 times at fig. 5a. Here, as in all the other examples 
seen, the sporangia have entirely disappeared, and their original presence is only 
assumed from the occurrence of the microspores. ‘The upper margin is slightly broken, 
but if this scale be compared in its general form and in the probable distribution of 
the microsporangia over the whole of its surface, its general resemblance to the 
pollen-bearing scale of Cycas is very striking; and although this resemblance is 
only superficial in some respects, it is probably real in others. It is a real resemblance 
in so far as there is a specialised scale, destined for the production of microsporangia, 
but it differs in these being enclosed in a special receptacle formed by a subtending 
scale, which acts as a protection to the sporangia; but, notwithstanding this additional 
structure, the fossils seem to show Cycadacean aflinities, though here the microsporangia 
are apparently borne on the upper surface of the scale, while in the Cycads they are 
borne on the lower surface. 

The bending-in of the upper part of the scale to make a closed organ is well seen 
at fig. 9, but is observable more or less at all the figures, and it is this bending-in 
which causes the apparent rounding of the upper angles of the scales which, if 
straightened out, would have a more cuneate form than they appear to possess in 
the figures. 

The bracts are strongly striated longitudinally with numerous somewhat irregular 
veins. This character is clearly seen at figs. 6, 6a, and more or less distinctly on all 
the other figures. 

The microspores are oval, have thick, smooth walls, and some show clearly the 
presence of a line on one of their surfaces which passes up the centre but which does 
not quite reach the ends. This may indicate the mode in which the spore opened. 
Three spores are seen enlarged 50 times at fig. 10. 

The next question which falls to be considered is the affinities of these micro- 
sporangial organs, and in doing this it is well to keep clearly before us the outstanding 
characters of these scales, which are their cuneate form, dentate upper margin, and 
strong parallel or slightly flabellate nervation. ‘l'hey have also a dorsal (or ventral) 
ridge—for it is difficult determining which is the dorsal and which the ventral surface 
of the scales, as they all are separate from their parent axis. Now all these characters 
occur in Whittleseya, and though no specimens of leaves of Whittleseya have been found 
associated with the specimens under discussion, a most characteristic leaf of Whittleseya 
elegans Newberry has been found by Mr 8S. P. Hearu at Doulton’s Clay Pit, Netherton, 
near Dudley, on the same horizon, and described and figured by Mr H. HamsHaw THomas,* 
through whose kindness I am enabled to give a figure of the specimen on Pl. XV. fig. 11. 
It consists of a broadly cuneate leaf, with central ridge and dentate upper margin. As far as 

* Palaeobot. Zeitschrift, vol. i. Heft i. p. 46, figs. 1, 2, 1912. 
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I can remember, all the specimens I have previously seen and all the descriptions and 
figures of Whittleseya elegans give the leaf as flat, but this one, preserved in an 
ironstone nodule and free from the pressure which usually brings about a flattening 
of the specimen when preserved in shale, shows the ridge quite distinctly, as seen on 
Pl. XV. fig. 11. The differences in general structure between the leaf of Whattleseya 
elegans and the fertile scales described here do not, then, seem greater than would be 
expected to occur between the sterile leaf and one modified for the purpose of fructi- 
fication, and it may be remarked that, though these fertile scales were met with in 
tolerable plenty, they occurred only within a limited and comparatively small area 
of the bed. Their horizontal distribution was very restricted. The same circumstances 
were present in regard to the fertile examples of Newropteris heterophylla Brongt. 
when the seeds were found, and to the microsporangial specimens of Crossotheca 
(Sphenopteris) Héninghaust Brongt., sp., and in each of these cases the fertile 
specimens may have been derived from a small number or even a single individual 
plant of the species. 

If, then, I am correct in referring these fertile scales to Whittleseya, for which 
course there seems to be a fair amount of evidence, the affinities of that genus would 
point to the Cycadacewx rather than to Ginkgo, to which there seems to be a too ready 
reference of almost all the Paleozoic Gymnosperms as ancestral forms. Affinities can 
rarely be safely traced on vegetative conditions of a species. 

All the examples figured here have been collected by Mr H. W. Hucuzs, F.G.8. 

Alorizon and Locality.—Ten -foot Ironstone Measures: Clayscroft Openwork, 
Coseley, near Dudley. 


Dicranophyllum Grand’Eury. 
1874. Dicranophyllum, Grand’Eury, Comptes rendus Acad. Sc., vol. Ixxx. p. 1021. 
1877. sf Grand’Eury, (lore carbon. d. dépt. de la Loire, p. 272. 

Description.—Stem ligneous and ramifying irregularly and sparsely. Leaves 
linear, decurrent, expanding at the base, dividing dichotomously into two or more 
linear lobes, which terminate in a point more or less sharp. Nerves parallel to the 
margins of the leaves and dividing by dichotomy. Leaves spirally placed, very 
numerous, bases contiguous and attached by a vertically elongated rhomboidal cushion ; 
erect at the extremities of the branches, spreading on the more aged branches, and on 
old stems spring out at right angles or even bent downwards. 

Male flowers consisting of small scaly ovoid cones placed in the axils of the leaves 
and formed of lanceolate, coriaceous scales with a prominent dorsal keel, their 
extremities so prolonged at the summit that the cone appears to end in a hirsute tuft. 
Microsporangia attached to the enlarged summit of the sporangiophore.* 

Seed small, ovoid, apparently attached in two rows, one on each side of the lower 
and undivided portion of the leaf, which above the fertile region dichotomises once. 


* Dicranophyllum robustum, Zeiller, Bull. Soc. géol. de France, 3° sér., vol. vi. p. 613, pl. x. fig. 3, 1878. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 22 
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Remarks.—Some place Dicranophyllum in the Ginkgoacee,* but ZEILLER thinks 
that it might be better to place it in the Conzferx,* a position which has been given it 
by Renautr.{ Until one has more detailed knowledge of the structure of the fructifica- 
tion, it seems impossible to refer the genus with any degree of satisfaction or certainty 
to either of these groups. 

It is to be remembered that, in dealing with these Paleeozoic Gymnosperms, we may 
be dealing with synthetic types which possessed characters that have now split up and 
passed on to different though perhaps allied genera.§ 

An excellent synopsis of the literature and species of Dicranophyllum has been 
given by Renrer,|| some of which are, however, only known from very imperfect 
material. 


Dicranophyllum anglicum Kidston, n. sp. 
Pl. XIV. figs. 3 and 3a. 


Description.—Leaves close, about 3°50 cm. long, spirally arranged on stem, and 
dichotomising three or four times into slightly spreading narrow, linear, rigid, sharp- 
pointed segments, from 1:25 mm. to 0°50 mm. wide according to position on leaf. 
Undivided basal portion of leaf about 7 mm. long. 

Nervation at base of leaf not clearly shown, but one vein seems to enter it, which 
dichotomises immediately, the two arms taking a submarginal position, one of which 
passes into each of the two arms of the next bifurcation; these again bifurcate almost 
immediately on entering the segments, assume a marginal position, and pass into the 
next dichotomy. The terminal segments have only a single central vein ; all the others 
show two marginal veins, the result of a basal dichotomy of the single vein which 
enters them. 

Remarks.—The only specimen of Dicranophyllum which I have met with in 
Britain is that shown natural size on Pl. XIV. fig. 3, which is contained in an ironstone 
nodule. The stem is badly preserved and does not show the leaf attachments, except 
of those which spring from the sides, whose relative position, however, clearly indicates 
a spiral arrangement on the stem. The specimen is that of a comparatively young 
branch, and the stem at its widest part is only 0°5 cm. broad. 

The leaves are about 3°50 cm. long and 1°30 em. wide, and a line drawn round the 
apices of the segments would give a rhomboidal figure. The segments have been rigid, 
and the arms of the dichotomies form an acute angle with a sharp-pointed sinus 
between them. 

At the base of the leaves the nervation is not well seen, but as far as I can make 
out, only one vein appears to enter the leaf, which immediately on entering bifurcates. 

* Potonié, Lehrbuch, p. 289. + Elements, p. 255. 
{ Flore foss. terr. houtl. de Commentry, part ii. p. 626, 1890. 


§ See also Sewarp and Gowan, Ann. of Bot., vol. xiv. p. 137, 1900. 
|| Ann. Svc. géol. de Belgique, vol, xxxiv., Mémoires p. M., 193, 1907. 
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I am not, however, certain of this, though I do not think there are three veins as in 
Dicranophyllum gallieum Grand’ Eury.* 

The arms of the first dichotomy show two marginal veins, but these may arise from 
a dichotomy of a single vein at their base, though I cannot trace this clearly ; but in 
the case of the fourth dichotomy of the leaf it is clearly shown that the single vein 
which enters the segments is the result of a dichotomy of the vein at the extreme base 
of the segment from which they have originated, where they show as marginal veins 
before one passes into each of the ultimate segments of the leaf. 

The rhomboidal form and much-divided leaf will easily distinguish Dicranophyllum 
anglicum from the already known species. A leaf enlarged 2 times is given at 
3a. 1 am indebted to the late Mr D. Rocrrs for this specimen, from whom I 
received it in 1887, but have delayed describing the plant in the hope that additional 
examples might be discovered, but such, as far as I am aware, has unfortunately not 
been the case. 


Horizon and Locality.— Roof of Brooch Coal: Shut End, near Dudley. 


ROOTLETS. 
Pinnularia Lindley and Hutton. 


Pinnularia columnaris Artis, sp. 


1825. Hydatica columnaris, Artis, Antedil. Phyt., pl. v. 

1886. Pinnularia columnaris, Zeiller, Flore foss. bassin houil. d. Valen., p. 404, pl. lvii. fig. 3. 

1901, > Kidston, Proc. Yorks. Geol. and Polytech. Soc., vol. xiv. part i. pp. 204 

and 225, pl. xxxv. fig. 1. 

1899. Radicites columnaris, Zeiller, Etude sur la flore foss, d. bassin houil. d’Héraclée, p. 69. 

1848. Asterophyllites Artist, Gopp., in Bronn (pars), Index palzxont., p. 122. 

1869. Asterophyllites foliosa, Roehl (non L. & H.), Foss. Flora d. Steink.-Form. Westph., p. 24, pl. v. 
fig. 1. 

1877. Roots and rootlets, Lebour, llustr. of Fossil Plants, p. 21, pl. x. 


Horizons and Localities. 
Blue Measures, six feet above Brooch Coal: Hamstead Colliery, Great Barr, 
near Birmingham. 
Ten-foot Ironstone Measures : Clayscroft Openwork, Coseley, near Dudley. 


Pinnularia capillacea L. & H. 
1834. Pinnularia capillacea, L. & H., Fossil Flora, vol. ii. pl. exi. 


1858. - 3 Lesqx., in Rogers, Geol. of Pennsyl., vol. ii. part ii. p. 878 (2 pl. xvii. 
fig. 22). 
1869. i * Roehl, Foss. Flora d. Steink.-Form. Westph., p. 27 (2 pl. u. fig. 5a), 


pleive eis, Ui (fig. Va): 
1893. Radicites capillacea, Potonié, Flora d. Rothl. v. Thiiringen, p. 261, pl. xxxiv. fig. 2. 
1877. Rootlets, Lebour, I//ustr. of Fossil Plants, p. 118, pl. lix. 


* See ZEILLER, Veget. foss. d. terr, howil., p. 158, 1880. 
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Horizons and Localities.— 
Above Brooch Coal: Grets Green, near West Bromwich. 
Ten-foot Ironstone Measures : Coseley, near Dudley ; Ettingshall. 
Roof of Thick Coal: Bradley Colliery, Bilston. 
Roof of New Mine: Merryhill Colliery, Brierley Hill. 


APPENDIX. 


Annularia microphylla Sauveur. 


PIX, figs. 1-3. 
1848. Annularia microphylla, Sauveur, Végét. foss. d. terr. houil. de la Belgique, pl. |xix. fig. 6. 


Description.—Stem jointed, finely striated ; internodes on the ultimate branchlets 
short, 4 to 6 mm. long and about 0°75 mm. thick. Leaves as long as the internodes, 
14 to 16 in a whorl, sickle-shaped, lanceolate, widest at their middle, gradually 
narrowing into a sharp point. Midrib very prominent and placed in a distinct 
furrow. Margins of leaf involute. Cones small, terminal, or given off the stem singly, 
apparently not in whorls. (K. No. 2122.) 

Remarks.—Savvrour figured two small fragments of his Annularia microphylla, 
one of which is a terminal portion and the other a piece of a small branch broken over 
at both ends. On both of his figures the leaves are distinctly bent or sickle-shaped, 
and narrower than those of Annularia galioides in proportion to their length. His 
figure, however, gives the idea that the leaves were somewhat blunt-pointed, and it 
was this which made me originally think his figure was a slightly inaccurate drawing 
of Annularia galioides L. & H., sp. 

The lowest whorl of leaves on the left-hand specimen (which is given in inverted 
position) illustrates well the bent and pointed leaves of the plant I now identify as 
SAuVEUR'S species. The absence of a description to his figures makes the identification 
of some of his plants very difficult. 

Some small specimens of Annularia microphylla Sauveur are given on Pl. X. 
That seen at fig. 1, natural size, shows the upper part of an ultimate branch. The 
internodes at the lower part are about 6 mm. long, but at the upper end are very much 
shorter. The larger whorls of leaves are 90 mm. in diameter, the individual leaves 
being about 40 mm. long and at their widest part 0°75 mm. wide. In springing from 
the stem they first assume an almost horizontal direction, but soon gradually bend 
upwards towards the stem. The whorl, as a whole, is thus saucer-shaped. The midrib 
is very prominent and lies in a little furrow, and the margins of the leaves are distinctly 
roiled in (involute) (fig. 1a). The base of a cone-like structure is attached to the apex 
of this branch, but it is not well preserved. 


FOSSIL FLORA OF THE STAFFORDSHIRE COAL FIELDS. ie) 


Fig. 2 shows portion of three parallel leafy branches which appear to spring from 
the stem lying at their base, but I cannot observe any actual connection. This 
specimen is enlarged 2 times at fig. 2a, where the bent-up leaves with their incurved 
margins, and the prominent midrib placed in a furrow, can all be seen. It is also 
noticeable on this specimen that the leaves decrease in size towards the base of the 
branchlet (fig. 1). 

Another small specimen is given at fig. 3, and enlarged 2 times at fig. 3a. The 
bowl- or saucer-shape form of the leaf whorls is well seen on the enlargement fig. 3a. 

If the two species be now compared, it will be seen that in Annularta nucrophylla 
Sauveur the leaves are lanceolate and sharp-pointed, with involute margins and a 
prominent midrib placed in a furrow. In Annularia galroides the leaves are much 
broader in proportion to their length and do not end in such prolonged points. The 
midrib is not placed in a furrow and the leaves are flat.* 

Horizons and Localities. — | 

Westphalian Series; Barnsley Thick Coal: Monckton Main Colliery, near 
Barnsley, Yorkshire; and Wolley Colliery, Darton, near Barnsley. 
Collected by Mr W. Hemineway. 

Bensham Seam, Jarrow, County of Durham. Specimen preserved in ‘“‘ Hutton 
Collection,” Newcastle-on-Tyne. 
Lanarkian Series: Furnace Bank Pit,Old Sauchie, near Alloa, Clackmannanshire. 


Nores ON THE VERTICAL DISTRIBUTION OF THE FossiL PLANTS. 


In all 154 species are recorded from the Westphalian Series of the South 
Staffordshire Coal Field. Of these, 13 are only generically recorded, as the material 
at my disposal was not in a sufficiently good state of preservation for a satisfactory 
identification or description. 

Twenty new species are described, namely, Sphenopteris deltiformis, Sphenopteris 
Kilimlu, Coseleya glomerata, Pecopteris hepaticeformis, Neuropteris Carpentiert, 
Palzxostachya manuta, Sphenophyllum tenussimum, Sigillaria punctirugosa, Lepido- 
carpon Westphalicum, Sumaropsis quadriovata, Tripterospermum ellipticum, Triptero- 
spermum Johnsoni, Polypterospermum ornatum, Lagenostoma oblonga, Lagenostoma (?) 
urceolaris, Rhabdocarpus Renaulti, Rhabdocarpus Oliveri, Hexagonocarpus Hookeri, 
Whattleseya (?) fertilis, and Dicranophyllum anglicum; while the 10 following have 
not previously been recorded for Britain, as far as I am aware: Sphenopteris 
Schatzlariana Stur, sp. (emend.), cf. Sphenopteris Sancta- Felicis Stur, sp., 
Sphenopteris Souwcha Zeiller, Crossotheca Crepini Zeiller, Adiantites sessilis Roehl 
(pro. var.), Alethopteris integra Gothan, sp., Calamostachys Solmsi Weiss, Huttonia 
spicata Presl, sp., Lycopodites Meeki Lesqx., and Sigillaria cordigera Zeiller. 

Although a considerable number of species have been met with in the South 


* Note.—For references to Annularia galioides L. & H., sp., see ante, p. 121. 
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Staffordshire Coal Field, many of them appear to be very rare, though perhaps they 
may be much more common than is at present suspected, for from many localities 
I have few or no records, and from some of the coal seams, especially in the northern 
area of the coal field, there are no records at all. 

The publication of this paper may call the attention of some to the deficiency of 
records from many of the coal seams, and I would ask such to lose no opportunity 
for collecting specimens, so that we may gain a more accurate conception of the 
vertical and horizontal distribution of the fossil plants of this coal field. 

The following table contains a list of all the species found in the South Staffordshire 
Coal Field, and gives their vertical distribution. The list is very typical of the 
Westphalian Series. 
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EXPLANATION OF PLATES. 


Prats V. 


Fig. 1. Sphenopteris dilatata L. & H. , ; 
Fragment of pinna. Natural size. Locality—Clayscroft Openwork, Coseley, near Dudley. 
Horizon—Ten-foot Ironstone Measures. Specimen in the Collection of British Museum, 
Geological Department, (No. V. 1377.) 
Fig. la. The same specimen, enlarged 2 times. 
Fig. 2. Sphenopteris Schillingst Andrae. 
Termination of pinna. Natural size. Same locality and horizon as last. 
Fig. 3. Sphenopteris Kilimlai Kidston. 
Fragment of a frond. Natural size. Locality—Doulton’s Clay Pit, Netherton. Horizon—Blue — 
Measures, six feet above Fireclay Coal. (K. No. 1613.) 
Fig. 4. Coseleya glomerata Kidston. 
Small fragment, showing the sporangia clustered round the rachis. Locality—Clayscroft 
Openwork, Coseley, near Dudley. Horizon—Ten-foot Ironstone Measures. 
Fig. 4a. Coseleya glomerata Kidston. 
Same specimen as the last, enlarged 2 times. At the broken pinna marked a the sporangia 
are seen surrounding the rachis on all sides. 
Fig. 4b. Coseleya glomerata Kidston. 
Some sporangia from the part lettered a in fig. 4a, enlarged about 9 times to show form of 
sporangia. 
Fig. 5. Coseleya glomerata Kidston. 
A small fragment, enlarged 2 times to show the form of the sporangia. 
Fig. 6. Coseieya glomerata Kidston. 
Fragment of a pinna, enlarged 2 times to show spiral or verticillate arrangement of sporangia 
at a. Same locality and horizon as last. 
Fig. 7. Archzxopteris Reussti Ett., sp. 
Fragment of frond. Natural size. Locality—Tividale, Dudley. Horizon—Above Brooch Coal. 
Specimen in the Johnson Collection, Geological Department, British Museum. (No, V. 
1366.) 
g. Ta. Archxopteris Reussti Ett., sp. 
Some pinnules, enlarged 2 times to show their nervation. 


Fi 


_ 


Puate VI. 
Fi 


_ 


g. 1. Newropteris gigantea Sternb. 
Upper portion of pinna, showing terminal pinnules. Natural size. Locality—Clayscroft Open- 
work, Coseley. (K. No. 4016.) : 
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Fig. 2. Newropteris gigantea Sternb. 
Single pinnule, enlarged 24 times to show nervation. Same locality and horizon. 
Fig. 3. Neuropterts gigantea Sternb. 
Upper part of a pinna, showing the two terminal pinnules. Natural size. Same locality and 
horizon. (K. No. 4014.) 
Fig. 4. Newropteris gigantea Sternb. 
Specimen showing a (?) double dichotomy of the pinna rachis. Natural size. Same locality and 
horizon. (K. No. 207.) 
. 5. Neuropteris gigantea Sternb. ; 
Small portion of a partially developed frond. At a the main rachis is densely covered with 
scales. Natural size. Same locality and horizon. (K. No. 3760.) 
Fig. 6. Neuropteris gigantea Sternb. 
Portion of a circinately coiled pinna, shown natural size. The rachis is densely covered with 
scales. Same locality and horizon. (K. No. 3761.) 
Figs. 7a and 7b, Neuropteris gigantea Sternb. 
The two halves of the same nodule, natural size, showing a young pinna circinately coiled. 
The rachis is very densely covered with scales. Same locality and horizon. (K. Nos. 4117 
and 4118.) 
Fig. 7c. Newropteris gigantea Sternb. 
The specimen shown at 70, enlarged 2 times. 
Fig. 8. Spiropteris sp. 
Young frond, showing circinate vernation and dichotomy of rachis. Natural size. Same locality 
and horizon. (K. No. 3334.) 
Fig. 9. Spiropteris sp. 
Very young, complete frond, showing thick petiole with scale scars, bifurcating at the apex, 
the two arms being circinately coiled. Natural size. Same locality and_ horizon. 
(K. No. 3321.) 
Fig, 9a, Spiropteris sp. 
Apex of last specimen, enlarged 2 times. 
Specimen from which fig. 4 is taken was received from the late Mr Henry Jounson, that repre- 
sented at fig. 9 from Mr W. Manzuey, and all the others on this plate from Mr H. W. 
Hueuss, F.G.S. 
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Puate VII, 


| Figs. 1 and 2. Lagenostoma oblonga Kidston. 
Two seeds enclosed in their cupules. Natural size. The seeds are seen at a and b. Locality— 
Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone Measures. 

| Figs. la and 2a. Lagenostoma oblonga Kidston. 
I The same specimen, enlarged 2 times. 
| Figs, 3 and 4. Newropteris heterophylla Brongt. 
Fully developed and young seed. Natural size. Same horizon and locality. 

Fig. 5. Zeilleria Avoldensis Stur, sp. 
Seed-bearing frond. Natural size. Same locality and horizon. 

Fig. 5a, Zeilleria Avoldensis Stur, sp. 
| Portion of last, enlarged 2 times to show the spread-out cupules and the central mamillz to 
| which the seeds were attached, 50. The cupule seen at a, fig. 5a, enlarged 6 times. 
|Fig. 6. Zeilleria Avoldensis Stur, sp. 

Portion of microsporangia-bearing frond. Natural size. Locality—Tividale. Horizon —Roof 
of Brooch Coal. 
Fig. 6a. Zeilleria Avoldensis Stur, sp. 

Portion of same specimen, enlarged 2 times. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 5). 24 
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Fig. 7. Pecopteris ? hepaticeformis Kidston. 
Small portion of a pinna. Natural size. Locality—Coseley? Horizon—Ten-foot Ironstone 
Measures. 
Fig. 7a. Pecopteris ? hepaticeformis Kidston. 
A few pinnules, enlarged 10 times. 


Pruate VIII. 
Neuropteris Carpentiert Kidston. 


Locality—Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone Measures. 


Figs. 1, 2, 4, and 7. Natural size. 
Figs. 3a, 3b, 4a, 5a, 50, 6, and 7a, enlarged 2 times, 
Fig. 8. Portions of three ‘‘columns” of microspores, showing part of the complete spore contents of a 
sporangium, x 50. ; j 
Fig. 8a. Microspores, one showing triradiate ridge. x 500. 
For explanation of other figures, see text. 


Puate IX. 


Fig. 1. Annularia stellata Schl., sp. 
Portion of branch. Natural size. Locality—Jubilee Pit, Sandwell Park Colliery, West 
Bromwich. Horizon—Blue Measures, six feet above Brooch Coal. ; 
Fig. la. Annularia stellata Schl., sp. 
Portion of specimen enlarged 2 times. 
Fig. 2. Calamites tuber. 
Natural size. Locality—Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone 
Measures. 
Fig. 3. Palzxostachya Ettingshauseni Kidston. 
Cone. Natural size.  Locality—Mount Pleasant, Brierley Hill. Horizon—Roof of New 
Mine Coal. 
Fig. 3a. Palexostachya Ettingshausent Kidston. 
Part of cone, enlarged 2 times. 
Fig. 3b. Palzostachya Ettingshauseni Kidston. 
Microspores enlarged 50 times. Fig. 3c, Microspore enlarged 500 times. 
Fig. 4. Calamostachys Solmsi Weiss. 
Part of cone attached to its pedicel. Natural size. Locality—Clattershall Colliery, Brettell 
Lane. Horizon—Roof of New Mine Coal. 
Fig. 4a. Calamostachys Solmsi Weiss. 
Part of cone, enlarged 2 times to show form of bracts. 
Fig. 4b. Calamostachys Solmst Weiss. 
Microspores enlarged 50 times. Fig. 4c, Microspore enlarged 500 times, Fig. 4d. Megaspore 
enlarged 50 times. 


PuatE X. 


Fig. 1. Annularia microphylla Sauveur, 
Showing branch terminating in a cone. JLocality—Furnace Bank Pit, Old Sauchie, near Alloa, 
Clackmannanshire. Hortzon—Lanarkian Series, Natural size. (K. No. 92.) 
Fig. la. Annularia microphylla Sauveur. 
Portion of same specimen, enlarged 2 times to show form of leaves, 
Fig. 2. Annularia microphylla Sauveur, ; 
Small specimen, shown natural size. Locality— Monckton Main Colliery, near Barnsley, York- 
shire. Horizon—Thick Coal, Westphalian Series, (K. No, 2123.) 
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Fig. 2a. Annularia microphylla Sauveur. 
Same specimen as last, enlarged 2 times to show form of leaf and nervation, 
Fig. 3. Annularia microphylla Sauveur. 
Fragment of branch. Natural size. Same locality and horizon as at fig, 2. 
Fig. 3a. Annularia microphylla Sauveur. 
Portion of same specimen, enlarged to show the central vein. 
Fig. 4. Coseleya glomerata Kidston. 
Small specimen, enlarged 2 times to show bramble-like appearance of masses of sporangia. 
Locality—Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone Measures. 
Fig. 5. Sphenophyllum sp. 
Group of four united sporangia. Natural size. 5a. The same specimen, enlarged 2 times. 
Locality—Jubilee Pit, Sandwell Park, West Bromwich. Horizon—Blue Measures, six feet 
above Brooch Coal. 
Fig. 6. Polypterospermum ornatum Kidston. 
Portion of seed, enlarged 2 times to show ornamentation. Locality—Shipley Clay Pit, Ilkeston, 
Derbyshire. Horizon—Below Top Hard Coal. Westphalian Series. (K. No. 4651.) 
Fig. 7. Polypterospermum ornatum Kidston, 
Part of seed. Natural size. Same horizon and locality. (K. No, 4650.) 
Fig. 7a. Polypterospermum ornatum Kidston. 
Same specimen, enlarged 2 times to show the ornamentation. 
Fig. 8. Cf. Sphenopteris Sancta-Felicis Stur, sp. 
Small fragment of a pinna. Natural size. Locality-—Doulton’s Clay Pit, Netherton. Horizon— 
Roof of Fireclay Coal. 
Fig. 8a. Cf. Sphenopteris Sancta-Felicis Stur, sp. 
Same specimen, enlarged 2 times to show pinnule segmentation. 
Fig. 9. Sphenopteris deltiformis Kidston. 
Fragment of frond. Natural size. Locality—Race Course Pit, Round Oak. Horizon— 
Whitestone. 
Fig. 9a. Sphenopteris deltiformis Kidston. 
Some pinne from same specimen, enlarged 2 times to show form and segmentation of pinnules. 


Puate XI. 
Fig. 1. Palzostachya minuta Kidston. 
Small slab showing many specimens scattered over its surface. Natural size. Locality— 
Doulton’s Clay Pit, Netherton. Horizon—Between Fireclay Coal and Bottom Coal. 
(K. No, 4476.) 
Fig. la—le. Palxostachya minuta Kidston, 
Small fragments of cones enlarged 2 times, from the same specimen. 
Fig. 2. Cone of Lepidodendron ophiurus Brongt. 
Specimen showing cone attached to leafy branch. Natural size. Locality—Clayscroft Open- 
work, Coseley. Horizon—Ten-foot Ironstone Measures. (K. No. 912.) 
Fig. 3. Cone of Lepidodendron ophiurus Brongt. 
Another specimen longitudinally broken through the centre and filled in with carbonate of lime, 
showing the axis and bracts. Natural size, Same locality and horizon, (K. No. 3765.) 
Fig. 4. Huttonia spicata Sternb. 
Portion of a cone. Natural size. Locality—Doulton’s Clay Pit, Netherton. Horizon—Blue 
Measures, six feet above Fireclay Coal. 


Puare XII. 
Fi 


— 


g. 1. Sigillaria, ef. nodosa Bowman, sp. 
Fragment of cortex, showing outer surface. Natural size. Locality—Merryhill Colliery, Brierley 
Hill. Horizon—Roof of New Mine Coal. Lighting parallel with ribs. (K. No. 3562.) 
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g. la. Sigillaria, ef. nodosa Bowman, sp. 
Portion of same specimen, enlarged 2 times, with illumination at right angles to ribs, to show 
the form of the leaf scar. 
Fig. 2. Sigillaria trigona Sternb., sp. 
Natural size. Locality—Tipton. Horizon—Roof of Thick Coal. 
Fig. 2a, Sigillaria trigona Sternb., sp. 
Portion of same specimen, enlarged 2 times to show form of cushion and leaf scar. 
Figs. 3 and 4. Sigilluria trigona Sternb., sp. 
Two outline drawings of cushion and leaf scar to show opening of ligule pit and diverging lines 
on base of cushion. 
Fig. 5. Sigillaria cordigera Zeiller. 
Natural size. Locality—Mount Pleasant, Brierley Hill. Horizon—Roof of New Mine Coal. 
Fig. 5a, Sigillaria cordigera Zeiller. 
From same specimen, enlarged 2 times to show the leaf scars and surface ornamentation of 
cortex. 


Fig. 6. Stgillaria punctirugosa Kidston. 
Specimen, natural size. Locality—Mount Pleasant, Brierley Hill. Horizon—Roof of New 
Mine Coal. (K. No. 3474.) 
Fig. 6a. Sigillaria punctirugosa Kidston. 


A small portion, enlarged 2 times to show form of leaf scar and ornamentation of ribs, 


Pruate XIII. 


Figs. 1-6. Lepidocarpon Westphalicum Kidston. 
Locality—Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone Measures. 


Figs, 1 and 2. Natural size. Fig. 5. Enlarged 4 times. 
Fig. 3. Enlarged 2 times. Fig. 6. Enlarged 8 times. 
Fig. 4. Enlarged 4 times. 


For description, see text. 


Puate XIV. 


Figs. la, 1b, and le. Tripterospermum elliptieum Kidston, 
The seed seen on three of the surfaces into which the nodule split, and which corresponds to the 
three pieces of the nodule lettered a, 0, ¢, fig. 1d. Natural size. Locality—Clayscroft 
Openwork, Coseley. Horizon—Ten-foot Ironstone Measures. 
Fig. 2. Tripterospermum Johnson Kidston. 
Portion of seed, showing two of the wings. Natural size. Same locality aud horizon as last. 
(K. No. 3573.) 
Fig. 3. Dicranophyllum anglicum Kidston. 
Portion of small branch with leaves attached. Natural size. Locality—Shut End, near 
Dudley. Horizon—Roof of Brooch Coal. Collected by Mr D. Roperrs. (K. No. 4623.) 
Fig. 3a. Dicranophyllum anglicum Kidston, 
Leaf from same specimen, enlarged 2 times, 
Fig. 4. Huttonia spicata Sternb., 
Portion of specimen given on Pl. XI. fig, 4, enlarged 2 times to show bracts. 
Fig. 5. Polypterospermum ornatum Kidston. 
Portion of seed seen natural size, showing ornamentation and longitudinal furrows indicating 
position of wings. Locality—Shipley Clay Pit, Ilkeston, Derbyshire. Horizon—Below 
Top Hard Coal. (K. No, 4651.) 
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Fig. 6. Polypterospermum ornatum Kidston. 
Part of another specimen showing ornamentation on surface between the wings and the narrow 


wing on the matrix at the right-hand side, Natural size. Same locality and horizon 
as last. (K. No. 4648.) 


Fig. 7. Polypterospermum ornatum Kidston, 
Small specimen with wings. Natural size. Locality—Clayscroft Openwork, Coseley. 


Horizon—Ten-foot Ironstone Measures. 


Fig. 8. Polypterospermum ornatum Kidston. 
Crushed specimen showing upward prolongation of the wings beyond the apex of the seed. 


Natural size. Same locality and horizon as last. 


Fig. 9. Polypterospermum ornatum Kidston. 
Large crushed specimen showing the furrows originally occupied by the wings, and their points 


projecting past the apex of the seed. Natural size. Same locality and horizon. 


Prate XV. 
Figs. 1-10. Whittleseya ? fertilis Kidston. 


Fig. 1. Natural size. Vig. 5a. Enlarged 4 times. 

Figs. la and 1b. Enlarged 2 times. Fig. 6. Natural size. 

Fig. 2. Natural size. Figs. 6a and 6). Enlarged 2 times. 
Figs. 2a and 2b. Enlarged 2 times. Figs. 7, 8, and 9. Enlarged 2 times, 
Figs. 3 and 4. Natural size. Fig. 10. Microspores enlarged 50 times. 


Fig. 5. Natural size. 
For description, see text. 
Fig. 11. Whittleseya elegans Newberry. 
Leaf natural size. Locality—Doulton’s Clay Pit, Netherton. Lent by Mr H. Hamsreap 
THOMAS, 


Puate XVI. 


Fig. 1. Samaropsis quadriovata Kidston. 
Seed natural size. Locality—Jubilee Pit, Sandwell Park, West Bromwich. Horizon—Blue 
Measures, six feet above Brooch Coal. (K. No. 3770.) 
Fig. la. Samaropsis quadriovata Kidston. 
The same seed, enlarged 2 times. 
Fig. 2. Samaropsis Gutbieri Geinitz, sp. 
Natural size. Locality—Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone Measures. 
Figs. 3 and 4. Sphenophyllum tenwissomum Kidston. 

Two halves of nodule. Natural size. Locality—Clayscroft Openwork, Coseley. Horizon— 

Ten-foot Ironstone Measures. 

Fig. 4a. Sphenophyllum tenuissimum Kidston. 
Same spécimen, enlarged 2 times. 

Fig. 5a. Sphenophyllum tenuissimum Kidston. 

Group of united sporangia, of which three are shown but the fourth is broken off. Hnlarged. 

From same specimen. 
Fig. 6. Rhabdocarpus Oliveri Kidston. 
Natural size. Locality—Clayscroft Openwork, Coseley. Horizon—Ten-foot Ironstone Measures, 
Fig. 6a. Rhabdocarpus Oliveri Kidston. 

The same specimen, enlarged 2 times. a, micropyle; 0, pollen chamber; ¢, upper part of 
nucellus ; d, stony layer of seed (Sclerotesta) ; e, remains of contorted prothallus ; f, cavity 
left through decay of soft layer of seed (Sarcotesta), now filled with lime. 
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Fig. 7. Rhabdocarpus Oliveri Kidston. 
Other half of the same specimen after removal of the lime and other matter adhering to the 
matrix, as seen from a photograph of a plastocene cast of the impression in the matrix 
showing striated outer surface. Natural size. 


Fig. 8. Rhabdocarpus Oliveri Kidston. 
Photograph of a plastocene cast of the impression of another specimen to show the longitudinal 


striations. Natural size. Same locality and horizon. 


Figs. 9 and 10. Lagenostoma ? urceolaris Kidston. 
The two halves of the same specimen, shown natural size. Locality—Clayscroft Openwork, 
Coseley. Horizon—Ten-foot Ironstone Measures. 
Figs. 9a and 10a. Lagenostoma ? urceolaris Kidston. 
Same specimen, enlarged 2 times. a, integument; b, canopy; c, pollen chamber; d, micropyle, 
e, remains of nucellus; /, passage through which the vascular bundle enters the seed ; 


g, ‘space between cupule and seed. 
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Kipston: Foss. FLoRA OF THE STAFFORDSHIRE CoaL FieLps—Part III. 


R. Kidston, Photo. M'Farlane & Erskine, Lith., Edin. 


1. Sphenopteris dilatata, L. & H. 2. Sphenopteris Schillingsi, Andre. 3. Sphenopteris Kilimlii, Kidston. n. sp. 
4-6. Coseleya glomerata, Kidston. u.spy.7, Archzopteris Reussii, Ettingshausen sp, 


Roy. Soc. Edin: Vol. L.—Puate VI. 
Kipston: Fossiz FLoRA OF THE STAFFORDSHIRE Coa, Fretps—Part III. 


|Photo M‘Farlane & Erskine, Lith., Edin. 


1-7. Neuropteris gigantea, Sternb. 8-9. Spiropteris. 


rans. Roy. Soc. Edin: Vol. L.—Puate VII. 


Krpston : Fosstz FLoRA OF THE STAFFORDSHIRE CoAL FreLps—Parrt III. 


R, Kidston, Photo. M‘Farlane & Erskine, Lith., Edin. 


1-2. Lagenostoma oblonga, Kidston.nsp. 3-4. N europteris heterophylla, Brongt. 
5-6. Zeilleria Avoldensis, Stur. sp. 7. Pecopteris hepaticeformis, Kidston. n.sp. 


Trans. Roy. Soc. Edin. Vol. L.—Puate VIII. 
Kinston: Fosstz FLoRA oF THE STAFFORDSHIRE CoAL Frexps—Parrt III. 


oe 


| R. Kidston, Photo. M‘Farlane & Erskine, Lith., Edin. 


Neuropteris Carpentieri, Kidston. n.sp. 
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Kipston: Fosstz FLoRA OF THE STAFFORDSHIRE CoAL FIELDS-—-PArT III. 
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1. Annularia stellata, Schl. sp. 2. Calamites tuber. 3. Paleostachya Ettingshauseni, Kidston. 
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Kipston: Fosstz FLORA OF THE STAFFORDSHIRE CoAaL Fretps—Parrt III. 


M'Farlane & Erskine, Lith., Edin 


1-3, Annularia microphylla, Sauveur. 4. Coseleya glomerata, Kidston.n.sp. 5. Sphenophyllum sp. 
6-7. Polypterospermum ornatum, Kidston. n. sp. 8. Sphenopteris cf. Sancti-Felicis, Stur sp. 
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Vol. 


‘rans. Roy. Soc. Edin, 


KIDSsTON 


M‘Farlane & Erskine, Lith., Edin. 


ta, Sternb. 


ia spica 


4. Hutton 


1. Palzostachya minuta, Kidston. n. sp. 2-3. Lepidodendron ophiurus, Brongt. 
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Krpston: Fosstz FLORA OF THE STAFFORDSHIRE CoAL Fretps—Part III. 


jidston, Photo. M‘Farlane & Erskine, Lith., Edin. 


1. Sigillaria cf. nodosa, Bowman. sp. 2-4. Sigillaria trigona, Sternb. sp. 


5. Sigillaria cordigera, Zeiller. 6. Sigillaria punctirugosa, Kidston. n. sp. 


rans. Roy. Soc. Edin‘ Vol. L.—Puate XIII. 
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Lepidocarpon Westphalicum, Kidston. n. sp 
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i. Tripterospermum ellipticum, Kidston. ». sp. 2. Tripterospermum J ohnsoni, Kidston. n. sp. 


Dicranophyllum anglicum, Kidston... .». 4. Huttonia spicata, Sternb. 5-9. Polypterospermum ornatum, Kidston. n. sp. 


‘rans. Roy. Soc. Edin: Vol: E.—Prate. XV. 


Kipston: Fosst, FLoRA OF THE STAFFORDSHIRE Coat Fietps—Parr III. 


M‘Farlane & Erskine, Lith., Edin. 


1-10. Whittleseya (?) fertilis, Kidston. n. sp. 11. Whittleseya elegans, N ewberry. 
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Samaropsis quadriovata, Kidstona, sp. 2. Samaropsis Gutbier 


i, Geinitz sp. 3-5, Sphenophyllum tenuissimum, Kidston. n. sp. 
6-8. Rhabdocarpus Oliveri, 


Kidston.nsp 9-10. Lagenostoma ? urceolaris, Kidston. 


n. sp. 
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VI. —The Anatomy of a New Species of Bathydoris, and the Affinities of the 
Genus : Scottish National Antarctic Expedition. By T. J. Evans, M.A. (Oxon.), 
Lecturer in Zoology in the University of Sheffield. Communicated by Dr J. H. 
ASHWORTH. 


(MS. received October 3, 1913. Read January 19,1914. Issued separately April 1, 1914.) 
[Plates XVII. and XVIII] 


INTRODUCTORY. 


The genus Bathydoris was created by Bercu in 1884 in his Report on the 
Nudibranch Mollusca collected by the Challenger. In his account of the anatomy 
of the new genus Brercu draws attention to the anomalous combination of characters 
possessed by the animal, and gives it an annectent position between the Dorids and 
the Tritonids, but places it among the Dorids on account of the predominance of Dorid 
features. The single specimen of Bathydoris abyssorum was dredged off New South 
Wales in 2425 fathoms. A second specimen of this peculiar genus was obtained by 
the Danish Ingolf Expedition and described by Bercn in 1900. This specimen came 
from 1870 fathoms in Davis Strait, and resembled 6b. abyssorum, with specific 
variations. Thus Bathydoris came to be regarded as an isolated genus with the 
characters of a connecting link, and appropriately a denizen of deep water. Our 
anatomical knowledge of the animal is derived almost entirely from BERGu’s accounts 
of the two species mentioned, and is moderately extensive, considering the rather 
imperfect state of preservation of the material and the fact that he was dependent on 
single specimens in each case. 

Two more specimens were brought from the Antarctic by the Discovery and 
described by Sir Cuartes Exior in the Report of the National Antarctic Expedition 
published by the Natural History Museum in 1907. ‘These constituted separate 
species resembling Brren’s, but their state of preservation was such that Exior was 
able to add little to our knowledge of the anatomy of Bathydoris. The discovery of 
one of Hxror’s species in 100 fathoms dispels the idea that the genus is confined to 
the great depths. 

A specifically distinct specimen was also taken by the German Antarctic Expedi- 
tion, but THIELE, in the Report on the Mollusca recently published, confines himself 
to a superficial description in order to retain the rare animal intact as a museum 
specimen. 

It would seem to be the fate of polar expeditions to bring back single specific 
specimens of this genus; for the species which forms the subject of the present 
memoir is based on one specimen dredged in 1410 fathoms by the Scotva in March 
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was distributed for identification, the animal went astray, and Sir CHarLEs Extot, who 
received the Nudibranchs, comments with surprise on the complete absence of Dorids. 

Dr Bruce has provided the following notes on the haul in which the animal was 
included: ‘ Locality, 71° 22’ 8., 16° 34’ W. Bottom temperature, 31°°9 F. Surface 
temperature, 29°°9 F. Depth, 1410 fathoms. Bottom, blue mud.” The haul included 
specimens of nearly every group of animals from sponges to fishes. 

It is proposed to name the new species Bathydoris brown, in honour of Dr R. N. 
RupmoseE Brown, naturalist to the expedition. To him and to Dr Bruce the author’s 
thanks are due for permission to undertake the investigation of its anatomy. 

The six known species of Bathydoris may be tabulated as follows :— 

— 1. B. abyssorum, Bergh. 2425 fathoms, off New South Wales. ‘ Challenger.” 
2. B. ngolfiana, Bergh. 1870 fathoms, in Davis Strait. ‘ Ingolf.” 
3. B. hodgsoni, Eliot. 100 fathoms, off Coulman Island. ‘‘ Discovery.” 
4. B. inflata, Eliot. Depth not stated, off Coulman Island. ‘‘ Discovery.” 
5. B. clavigera, Thiele. Depth not stated, Gauss Station. ‘‘ Gauss.” 
6. B. browni, sp. nov. 1410 fathoms, off Coats Land. ‘“‘ Scotia.” 

The specimen was preserved in about 5 per cent. formaldehyde, and suffered very 
little distortion or contraction. The viscera were also in excellent condition for 
dissection, and even the histological preservation was found to be remarkably good 
when certain tissues were cut and stained for identification. 


EXTERNAL FEATURES. 


The animal, as preserved, was 75 mm. long, 40 mm. broad, and 35 mm. in height. 
A thin, flabby foot margin extended about 8 mm. beyond the body all round and 
was rather bluntly pointed behind, while anteriorly its thickened edge ran transversely 
across the body behind the head, and had a deep glandular furrow extending into the 
lateral margin for some distance. ‘The contraction of the foot when the animal was 
killed probably accounts for the distension of the dorsal integument and the extruded 
condition of the genital organs, which were forced out to the extent usual among 
Dorids during copulation. The mouth lies entirely on the ventral aspect, and is 
surrounded by crinkled lips surmounted by a bulging forehead, which extends laterally 
into rather long cylindrical oral tentacles. Nearly a third of the length of the ventral 
surface is occupied by the buccal region, the enormous size of which is a striking 
feature of the genus. The arched dorsal surface is covered by an integument which is 
delimited all round the body by a slight fringe at a distance of 4 or 5 mm. from the 
foot. Laterally this fringe or reduced mantle edge is represented by little more than 
a linear thickening of the skin. The dorsal] integument is thin, transparent, and 
destitute of spicules, but, as in hodgsont, inflata, and clavigera, the whole surface seems 
to have been originally studded with papille. Those that remain on exposed parts 
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of the back are smallest; while round the dorsal tentacles and along the notzal 
margin they are much larger. They seem to be more numerous in brown than in 
any of the other three species possessing them. They are undoubtedly caducous, and, 
as recorded by Exior, the points of attachment of detached papille are marked on bare 
places by small circles with a spot in the centre. The only other conspicuous features 
of the dorsal surface are the dorsal tentacles and the anal complex, consisting of the 
anus, the renal pore, and the branchize. The rhinophores are club-shaped and perfoliated 
all round. There is no trace of a pocket. The branchie are two in number, and are 
placed symmetrically in front of the prominent anal papilla. Both numerically 
and structurally the branchiz appear to differ very considerably from those of all the 
other species of Bathydoris. Thus, B. abyssorum has five and ingolfiana ten arranged 
in a circle in front of the anus, while Exior’s species have eight and five or six 
respectively similarly arranged. The two tufts in B. brown are united by a ridge 
which, on dissection, is found to contain the afferent and efferent vessels of the 
branchiz. As the structure of the gills will be described later, it is sufficient here to 
mention that they are not fine dendritic structures like the gill-plumes represented by 
Bereu. ‘The anal papilla is much shorter than in the other species, but this is probably 
due to the relatively greater local distension of the hinder end of the specimen. The 
renal papilla is inconspicuous, and lies in the median line between the anus and the 
base of the gills. 

The extruded genitalia stand out conspicuously on the right side between the 
noteal margin and the foot, and are thrown further back than in the Dorids by the 
great size of the buccal region. 


ANATOMICAL DESCRIPTION. 


The importance of Bathydoris in any discussion of the interrelationships and 
classification of the Nudibranchs was recognised by both Beren and Exior, and, during 
the examination of the anatomical structure of the present species, this importance 
became increasingly impressive as system after system was considered. This was 
deemed to justify a more complete and detailed account of the anatomy than has 
hitherto been given, especially as facilities for such an account were amply provided in 
virtue of the excellent preservation of the specimen. In the course of this memoir it 
will be noted that the description disagrees with those of BergH and Etior on matters 
the bearings of which are of great theoretical interest. These contradictions are some- 
times so striking that the inclusion of the species in the genus Bathydoris seemed 
jeopardised. The points of agreement, however, form such convincing evidence of 
generic identity that the serious divergencies here given must be regarded as corrections, 
based on examination of a more favourable specimen, of observations partially frustrated 
by the poor condition of the material observed by previous workers. 

The various systems. will now be considered in order. 
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THE ALIMENTARY SYSTEM. 


It will be seen in fig. 2 that the general plan of the alimentary system of Bathydoris 
resembles that of the typical Dorid, but a detailed examination shows that there are 
very important differences. The great size of the buccal mass (b.m.) was emphasised 
by Brreu as a characteristic feature of the genus. Indeed, Bercu claimed its supposed 
relationship with the Tritonids solely on the character of the buccal mass and the radula. 
The mouth is surrounded by two sets of lips, an outer and aninner. ‘The outer lips are 
erinkled and fleshy, and leave a wide gape into which the inner lips project. These are 
merely the thickened rim of the outer integument limiting the buccal opening. The 
inner lips (p.m., figs. 2 and 3) are a pair of lateral pads enclosing a relatively small open- 
ing leading into the buccal cavity. The pads have the consistency and appearance 
of hyaline cartilage. Histological examination shows that the hyaline substance is a 
cuticular secretion which is continued in varying thickness as a lining of the alimentary 
tube from the buccal rim to the stomach. The underlying epithelium consists through- 
out of tall slender columnar cells, and corresponding columns of the secreted matter are 
faintly visible in the cuticle. 

The buccal cavity contains a pair of dark-brown horny jaws (J., fig. 3) supported on 
muscular pads (P.J., fig. 3) which separate them from the globular odontophore (o.) 
occupying the middle of the floor. The free edges of the jaws are quite blunt, and each 
is produced into a slight beak opposite the mouth; so that they are probably used as 
a prehensile organ. The mouth must be capable of far more extension than might be 
supposed from its preserved state in order to bring the jaws into action. The radula 
(R.) is narrow in front and broad behind where it enters the radula sac, and the sac is 
entirely contained in the substance of the odontophoral mass. ‘The first row of teeth has 
three teeth on either side of the rhachidian tooth and the radula broadens to 90. 1. 90, 
the formula of the youngest row. The total number of rows is about 50. The rhachidian 
tooth (Rh., fig. 4) has a broad base on which stands a backwardly directed cusp. The 
laterals (L.' to L.”) are formed on the same plan, but the cusp bends from the base 
towards the middle line. The first four laterals differ from the rest in having shorter 
and blunter cusps. Unlike those of the other species, the extreme laterals show little 
sign of reduction. ‘The teeth are firmly fixed in the specially thick cuticular covering 
of the radula mass, which is itself bilobed with a deep median depression. The direction 
of the cusps and of the underlying muscles suggests that the radula is used for 
gripping the food during trituration. ‘The approximation of the cusps of the first 
laterals thus entailed would also explain the broken and irregular appearance of the 
rhachidian cusps as well as the reduction in length of the cusps of the first few laterals. 
Comparison with the figures published by Bercu and Exior shows that the present 
species can be identified by its radula alone. 

The cesophagus (@. and cr., fig. 2) seems to differ from that of the other species in 
that it turns to the left, even at its origin from the buccal mass. It is a broad, sigmoid 
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tube with muscular walls lined, as already mentioned, by a thick cuticle. At its lower 
end it ends in a thin-walled sac, the stomach (s¢., fig. 5), lying below the liver, and 
partially imbedded in its substance. The lining of the cesophagus is, throughout its 
length, thrown into twelve raised longitudinal bands (b.0., fig. 5) which are covered with 
minute, blunt, brown cones of various sizes. As shown in fig. 6, the cones are partly 
imbedded in the cuticle of which they are specially resistent local modifications. The 
dark tint of the cuticle of the first half of the cesophagus and the extensive crinkling 
of its walls obscured the presence in it of the longitudinal bands which were only seen 
after clearing. Exior, who describes the denticulate bands in the second half of the 
cesophagus, may have overlooked them in the first half for the same reason. The same 
writer, in his account of B. hodgsoni, names the two regions of the cesophagus the first 
and second stomach—names which seem inappropriate for a thickly cuticularised tube 
which serves merely for the delivery of the food to the sac in which it is actually 
digested. The denticulate cuticle would, moreover, be quite ineffectual for the purpose 
of mastication, and probably serves as a protective layer against the coarse diet of mud, 
sponge, and small shells The thin-walled stomach stands at the junction of cesophagus, 
intestine (int., fig. 5), and main liver ducts (/.t.) into the expanded ends of which the 
food enters for some distance, as in Dorids generally. At its junction with the cso- 
phagus the stomach has a small pocket (s.7.) like that of the Dorids, which was not seen 
in any of the other species. Its function is not known, though such inapplicable names 
as “‘pancreas” and “ gall-bladder” have been applied to it by different authors. 

It may be mentioned that the similar stomach recess in Doris tuberculata secretes 
a glassy, refringent substance which is also found as a granular deposit on the mucosa 
of the intestine and on the massed Halichondria spicules passing down that tube. This 
suggests a protective function for the organ, its secretion acting as a lubricant for the 
passage of spiculose excrement down the intestine. The liver (/., figs. 2 and 5) isa 
bulky organ which is not invaded by gonad or kidney, and is unlobed except in so far 
as the intestine and the lower end of the cesophagus lie in furrows on its surface. The 
intestine is a rather broad, smooth tube making an are round the pericardium and end- 
ing by a sphinctered opening on the anal papilla. 

The alimentary tract contained one large piece of undigested sponge, and sponge 
spicules were present in all parts of the stomach and intestine. ‘There were also found 
much mud, bits of old shells, small pebbles, and the spines of Echinids. ‘he animal is 
therefore probably an omnivorous feeder, though the prevalence of sponge suggests that 
it has predilections for that group, like the Dorids. 

The salivary glands (s.g., fig. 2) are floceulent and voluminous, forming a mass on 
each side pressed against the wall of the cesophagus, and opening by stout ducts on 
the hinder wall of the buccal cavity. Bercu and Exior mistook them for the blood 
glands, but their histological structure puts their salivary nature beyond doubt. 
Moreover, the true blood glands were found elsewhere. 
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Tue Nervous System. (Fig. 7.) 


The brain of Bathydoris broadly resembles that of the Dorids, but with much less 
concentration of the ganglia. It lies on the top of the buccal bulb, the cerebral, 
pleural, and pedal pairs being quite separate, but lying close together. As fig. 7 shows, 
the ganglia are asymmetrical in shape and disposition. Each cerebral ganglion (c.g.) 
gives off four nerves from its anterior edge which go to the lips and oral tentacles, 
dividing as they go into a number of smaller nerves. The last bifurcations have small 
ganglionic swellings at the point of division, as in some Tectibranchs. On the posterior 
edge of the dorsal surface of the cerebral ganglion stands a small, almost sessile, 
proximal rhinophorial ganglion (p.rh.g.) which sends a stout nerve (rh.n.) to the dorsal 
tentacle. A distal rhinophorial ganglion swelling (not shown) marks the point of sub- 
division of the rhinophorial nerve as it enters the tentacle. No sub-cerebral commissure 
was found, so that the cerebrals are connected together below the alimentary tube by 
the stomato-gastric loop (s.g./.) only. The pedal ganglia (ped.g.) are connected by a 
stout pedal (ped.com.) and a slender parapedal commissure (p.ped.com.). In the notch 
between the pleural and pedal ganglia of the right side is placed a small] genital ganglion 
(gen.g.) which is broadly united to the pedal and connected with the pleural by a band 
of fibres from its lower aspect. From it four nerves go to the genitalia, both male 
and female, over the surface of which they distribute themselves with a number of local 
ganglionations on their courses. 

The pleural ganglia (pl.g.) give off two main lateral nerves on each side which 
supply the whole of the dorsal integument, with the exception of the anterior region 
which receives a number of very fine nerves from the pleurals not shown in the figure. 
The longer pair of pleural nerves pass back to the anal region, where they anastomose 
with each other and with a visceral nerve (br.n.) from the under surface of the right 
pleural ganglion. From the ganglia on this plexus the gills are supplied as in Doris 
tuberculata. ‘The visceral ganglion, so obvious on the under side of the right pleural 
ganglion of Doris, is not represented as a discrete mass in Bathydoris. The visceral 
ganglion of Doris would appear to include the visceral centres as well as the penial 
centre usually associated with the pedal. In Bathydoris, however, the genital centres 
of the visceral seem to be segregated from the rest and to be associated with the penial 
centre on the pedal to form a special genital ganglion. The long, finely ganglionated 
visceral loop (v./., v./.’) about the middle of its course sends backwards the chief visceral 
nerve (v.n.), which, after giving a branch to the gastro-cesophageal anastomosis on the 
stomach and liver, continues its course as the reno-cardiac. Two delicate nerves from 
the pleuro-pedal angle (see diagram) supply the branches of the aorta. The stomato- 
gastric ganglia (st.g.g.) are relatively very large, but their size is not surprising when 
we remember the dimensions and muscular complexity of the buccal mechanism which 
they innervate. ‘The inequality in length of the two cerebro-buccal connectives is pro- 
bably the result of the sharp sinistral bend of the cesophagus. There are no separate 
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gastro-cesophageal ganglia, and the paired gastro-cesophageal nerves (g.0.n.) arise 
directly from the stomato-gastric ganglia. The paired nerves pass back in the con- 
nective-tissue investment of the cesophagus to the stomach, where they form a joint 
ganglionated anastomosis with the gastric branch of the visceral, as already described. 
From this plexus the stomach and liver receive their innervation, while the salivary 
glands are supplied from the gastro-cesophageals on their way down the cesophagus. 

This compound system of gastro-hepatic ganglia is paralleled in the Dorids, where 
it was described by ALDER and Hancock, while Dreyer has lately shown that an 
analogous arrangement is present in Aeolids and Tritonids. 

Like the other species examined anatomically, B. brown showed no trace of organs 
of sight, and otocysts could not be found by careful surface examination. They were, 
however, found on staining and clearing and also in sections of the brain. They are 
two small sacs placed close to the pleuro-pedal connectives on their lower aspect 
and partially imbedded in the connective-tissue capsule that surrounds the brain. The 


author has found small otocysts similarly placed in some of the Polyceratide. Otocysts 


were not found in the species examined by BEreu and by Extor. 


Tue Exorerory System. (Fig. 8.) 


The kidney of Bathydorvs is unusually well developed. This was also noted by Exroz, 
who described two fern-like organs lying over the liver as well as the renal syrinx. 
Extot, however, misconceived the nature of the renal organ, since he took the paired, 
fern-like structures to represent the main portion of the kidney, whereas they are 
merely outgrowths of its floor or ventral wall in the posterior half. The whole renal 
organ is a huge sac extending from almost the extreme posterior end of the body to 
within a short distance of the head, but narrowing in front on account of pressure 
between the alimentary canal and the genital mass. Posteriorly, its delicate dorsal 
wall is overlain by the pericardium, to which it is connected by fibres. Elsewhere it 
bulges free except where it is pinched by the intestinal loop (¢nt.). This dorsal wall 
is throughout non-glandular, except at two points—namely, at its extreme anterior 
corner (b.g.’) and at a place in front of the pericardium (b.g.”) where a diverticulum of 
it lies as a flap across the intestine. These two points will be further mentioned in 
connection with the vascular system, because the two phagocytic or blood glands lie 
here adherent to the wall of the kidney. The glandular part of the kidney is therefore 
almost entirely confined to its ventral wall and to those parts of it which are folded 
inwards into the renal cavity as the two fern-like structures seen by Exior. These, 
however, are not two but six in number, the posterior pair being more fern-like than 
the other two which lie on the surface of the gonad (/.g.). These glandular regions 
coincide with the areas of distribution of great branches of the aorta, and the narrow 
strip-like folds forming the two anterior pairs may easily be mistaken for the arterial 
trunks themselves, which actually lie within them below the renal wall. The vascular 
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supply of the kidney is therefore purely arterial, and all the renal arteries arise from 
an aortic bulb (a.c.) opening into the ventricle at the point o.v. in fig. 8, and continu- 
ing forwards as the cephalic artery (c.art.). The extensions of the renal arteries into 
the gonad are not shown in fig. 8. The blood delivered by the renal arteries—which, 
as we have seen, occupy the crests of the glandular folds—passes on into venous lacunee 
which lie deeper in the substance of the folds, and open into a great median venous 
space, lying between the kidney and liver behind, and between the gonad and liver in 
front. Into this median venous space also passes the blood that has traversed the 
gonad and liver. 

The main collecting reservoir of the kidney lies behind the gonad, and in its hinder 
wall is seen the opening into the renal duct which leads to the exterior. In it 
originates the reno-pericardial duct (7.p.d.), consisting of a median tube opening in 
front by a funnel into the renal chamber, and a renal syrinx (7.s.) opening on the floor 
of the pericardium. ‘The syrinx is a bulbous structure with a wide lumen which is 
almost filled with delicate laminate ingrowths of the epithelial lining. Sections of the 
floor of the kidney show that the gland cells lying in connection with the renal arteries 
contain concretions, often of large size, which stain faintly with basic dyes. The con- 
cretions collect in big vacuoles, which finally burst and liberate the excreted contents. 
The foliations of the wall of the syrinx are covered with cells of two kinds. The distal 
part of a lamina—namely, the free edge towards the middle of the lumen—is covered 
by ciliated cells only, the cilia being extremely long. The proximal part—namely, that 
nearer the wall of the syrinx—is glandular, and the cells contain fine granules of a 
substance which takes acid dyes. These cells are continued on to the wall of the 
pericardium. The renal organ of Bathydoris and its vascular supply are thus Dorid 
in type, the reno-pericardial duct, especially, being almost identical in structure with 
its homologue in Doris. ‘The association with the blood glands, non-functional though 
that may be, the absence of ramifications into underlying organs, and its forward 
extension into the head region are features not paralleled among true Dorids. 


THe Vascutar System. (Figs. 9 and 10.) 


In general, the vascular system of Bathydoris resembles that of the Dorids, but in 
several respects distinct affinities with the blood system of the Pleurobranchids are 
exhibited. It may be conveniently described under the following heads :— 


(1) The Heart. 


The most obvious feature of the heart and pericardium is their asymmetrical 
disposition, since the antero-posterior axis, unlike that of the true Dorids, lies at an 
angle to the long axis of the body. The pericardium is a spacious cavity lying 
posteriorly on the surface of the kidney, with the reno-pericardial opening in its 
extreme right-hand corner. 
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The asymmetry of position mentioned above is an insignificant matter compared 
with the structural asymmetry shown by the heart itself. The typical Dorid heart is 
roughly an isosceles triangle with three efferent ducts opening into its base, the efferent 
branchial in the middle and the two lateral integumental sinuses at the corners. The 
auricle of Bathydoris, on the contrary, receives but one efferent vessel, which enters it 
at the right-hand side, the efferent branchial vessel and the lateral sinuses being con- 
fluent outside the pericardium altogether, as in the Pleurobranchids. The left side of 
the auricle is fused for some distance with the pericardial wall, along which it sends a 
muscular wing. ‘This asymmetry, as we shall see later, is only one of many pre-Dorid 
and ancestral opisthobranch features exhibited by Bathydoris. 


(2) The Arterral System. 


Although the arterial system possesses no striking feature, it is proposed to describe 
it somewhat fully, because no comprehensive account exists of the arterial system of 
any Dorid except Hancock and Emsieron’s account of Doris tuberculata in their 
famous article in the Philosophical Transactions of the Royal Society. The ventricle 
(v.) is immediately followed by a large aortic bulb (a.c.) from which arise the renal 
arteries (see kidney), as well as vessels to the intestinal loop, the gonad and the 
periphery of the liver mass lying below. The aortic bulb is continued forwards as the 
main cephalic artery (c.art.) This gives off on the left the visceral artery (v.art.), 
running below the intestine and supplying the liver, stomach, and cesophagus. In 
fig. 9 the arterial trunks lying below the outlined viscera are dot-shaded. After 
giving off the genital arteries (g.art.) on the right, the cephalic artery bifurcates, one 
branch passing over the cesophagus to the left and the other below the buccal mass to 
the right. The left branch provides both salivary glands (sal.g.), the brain (cer.art.), 
and the buccal muscles of both sides, while the right branch goes direct into a spacious 
infra-pharyngeal lacuna (/ac.), in which the left also ends. This lacuna was also found 
in Doris tuberculata. It should be noted that the cephalic artery forms a complete 
collar round the cesophagus and buccal bulb. From the central lacuna under the bulb 
arise a number of vessels. A median vessel passes straight up into the bulb (buc.avrt.) ; 
three run forward into the lips (/ab.art.) and floor of the mouth, while a broad median 
vessel dips into the foot and bends backward in its substance, to continue throughout 
_ its length as a median pedal artery (ped.art.) 


(3) The General Hemoceele. 


The irregular lacunar blood-space in which lie all the viscera is in Bathydoris 
nowhere spacious. It receives the blood that has passed through the tissues from the 
arteries, except the renal, gonadial, and hepatic blood, which is collected in another 
way already indicated in the description of the kidney. The hemoccelic blood passes 


partly into the gills and partly into the dorsal integument, but the proportion of blood 
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that passes into the integument is much in excess of that in the Dorids. The thin 
skin, studded with papille, is conducive to this amplification of the tegumentary 
respiration in Bathydoris, while the thick, glandular, and spiculose skin of the Dorids 
has vitiated this system and necessitated the extension of the special gills. The dorsal 
wall of the hemoccele is a membrane more or less bound to the underlying organs by 
conjunctive-tissue fibres. ‘This membrane is separated from the dorsal integument by 
an empty space, but runs into it at the side of the body all round. ‘Thus, when an 
incision is made through the dorsal body-wall, the space entered is not the hemoceele, 
but this closed cavity between the body-wall and the dorsal wall of the hemoceele. 
The same arrangement is present in the Dorids alone among Nudibranchs, though the shell- 
cavity of Pleurobranchus closely resembles the problematic dorsal cavity of the Dorids. 
Whatever be the nature of the cavity, Hancock and EmBLeron’s name— peritoneum 
—for its lining should not be perpetuated. The passage of blood from the underlying 
heemoccele into the skin and its papillary outgrowths takes place below the level of the 
edge of the dorsal heemoccelic wall all round. ‘The blood that runs from the hemoccele 
to the gills passes along two narrow conduits on the posterior aspect of the liver (h.v., 
fig. 10). This must be regarded as of secondary importance in the afferent branchial 
system. 


(4) The Afferent Branchial System. (Fig. 10.) 


Blood enters the branchize from two sources: (a) from the hemoccele by the small 
paired ducts (/.v.) already mentioned, and (b) from a great median venous space (m.s.) 
lying above the liver, which receives the blood from the kidney, liver, and gonad. Just 
before narrowing in order to enter the gills (a.b.v.), it receives the paired ducts from 
the heemoccele (a). (See also the description of the kidney.) The afferent space at the 
base of the gills is not a circle, as in the Dorids, but a transverse expansion of the 
afferent vein from which ramifying tubes run up the branchie. 


(5) The Efferent Branchials. 


The afferent and efferent venules in the gill-leaflets form continuous loops from the 
afferent to the efferent side of a gill lobe, and the efferent veins from the two gills join 
together to form a transverse space at the base of the gills similar to the contiguous 
afferent space. This space is connected with the auricle by a tube (e.b.v.) running to 
the right and entering the auricle at its right-hand corner. 


(6) The Efferent Tegumentary System. 


The blood that enters the skin and its papillee from the hzmoccele returns from all 
sides into a circular sinus (c.s.) running round the edge of the pericardium. The 
efferent tubules returning blood into the sinus were described by BERGH as renal tubules 
in L. abyssorum. The sinus opens behind into the efferent branchial vein just before 


THE ANATOMY OF A NEW SPECIES OF BATHYDORIS. 201 


it reaches the right corner of the pericardium to empty itself into the auricle. The 
circular sinus is also represented in the Pleurobranchids, where it also opens into the 
efferent vessel, but takes a wider sweep round the body. In the Dorids it is repre- 
sented by the two lateral sinuses, which there, however, enter the auricle separately 
and directly. 


(7) The Blood Glands. (b.g.’ and b.g.” Figs. 8 and 9.) 


) 


The structures commonly called “blood glands” are characteristic of some Tecti- 
branch families (Bullids and Pleurobranchids) and of the Dorids. They are lymphatic or 
phagocytic glands situated on the course of the cephalic artery and supplied by it. In 
the Dorids they lie in the head region near the brain, but in the Tectibranchs they are 
placed further back. In Bathydoris they form two separate masses united to the wall 
of the kidney. It is of some interest to note that in the Prosobranchs possessing them 
they are also associated with the kidney, so that in this, as in many other respects, 
Bathydoris presents features more primitive than the true Dorids, the equivalents of 
which are found among Tectibranchs rather than Nudibranchs. As already mentioned, 
Beres and Exior confused the unusual salivary glands with the blood glands, the 
identity of which they did not recognise. 


THe ReEsPrraToRY SYSTEM. 


As already indicated in connection with the vascular system, the general pallial 
respiration is rendered more effective by the papillary outgrowths, and the blood so 
oxygenated returns into the circular sinus. The special respiratory organs or branchiz 
are two tufts placed symmetrically on a transverse ridge in front of the anus. Each 
tuft stands on a broad base or stalk in such a way as to give the appearance of a roughly 
pinnate condition. The lobate units of the tuft resemble the pinne of the gill of 
Pleurobranchza, being laminate on opposite faces of a wide rhachis, while the afferent 
and efferent vessels occupy its edges. The laminz vary in size from mere ridges across 
the face of the rhachis to longish leaves which may themselves be provided with lamine. 
In this way an irregular bipinnate condition is simulated. It will be seen that, by 
narrowing the rhachis so as to bring the ascending and descending vessels nearer 
together and regularising the pinnation, the Dorid plume would be produced. On the 
other hand, if the laminze were equal in size and the tufts stretched along the ridge in 
a regular row, the sessile portion of a Pleurobranchid ctenidium would result. The gill 
of Bathydoris brownw would therefore appear to be in a condition intermediate between 
a typical Dorid rosette of plumes and a Tectibranch gill. There is, however, no indica- 
tion of a circumanal circlet either in the gill itself or in the underlying vessels, and though 
the tufts are provided with muscles capable of reducing their height, they cannot be 
retracted below the general level of the integument. 
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Tue Repropuctive System. (Fig. 12.) 


No adequate description or figure of this system in a Bathydoris has hitherto been 
given, but both Enior and Bercu give a somewhat hesitating impression that it is 
constructed on the Dorid plan. Since the universal triauly of known Dorids is one of 
their most striking characteristics, it is essential that on such a critical point our 
knowledge should be clear and definite. 

The hermaphrodite gonad (h.g.) lies posteriorly below the kidney and above the liver 
within the are made by the intestine. It is a yellowish, bi-convex lenticular body, 
truncated in front and with a minutely lobulated surface. The specimen was captured 
at the stage of male activity in the protandric cycle, since the male acini and ducts 
are full of sperms, while the eggs are small and lightly yolked. Its blood supply is 
an extension of the renal arterial system, branches from which pass through the lower 
wall of the kidney into its substance. 

The common hermaphrodite duct (c.h.d.) leaves the gonad as a single slender 
tube. It is ampullated (amp.), as usual in Nudibranchs, but its extreme length escaped 
previous notice. After a short, slender portion beyond the ampulla, it divides into 
two tubes, the vas deferens (v.d.) and the oviduct (0.d.). The vas deferens is a 
comparatively short, coiled tube, expanded by the glands in its walls ito a prostate 
for nearly the whole of its length. It enters the penis sac (p.s.) some distance 
from the end and runs a straight course to the tip of the everted penis imbedded 
in loose connective tissue and muscle fibres. The mode of extroversion of the 
penis, deducible from dissection of the everted organ, is represented in the section- 
diagrams (fig. 11, a and 6), the dotted area representing loose fibrous tissue the 
perfusion of which with blood from the heemoccele causes the extroversion. The penis 
is seen to be a partial introvert, since the end is retracted into the sac unchanged. 
This terminal portion (p.) presents a remarkable appearance on account of the sucker- 
like pits covering one side of it. It is possible that the pits, under control of the 
blood-pressure in the penis, really act as suckers on the smooth surface of the female 
atrial wall. 

The oviduct soon enters the massive mucus-albumen gland complex (m.g. and a.g.), 
the structure of which could not be investigated on account of its stony hardness. The 
albumen gland could be recognised on the upper surface by its yellowish-brown colour 
and its granular consistency. The coils of the mucus gland end distally as the broad 
tube which opens into the female atrium. The atrium is turned out as in copulation : 
the first part of it has a highly crinkled surface, but inside this arise two leaf-like lips 
(a./.), or folds of its surface, which between them enclose the entrance (f0.) into the 
female channel. These valvular lips appear to be a characteristic feature of Bathydoris, 
because they are also partially shown in surface view in B. clavigera by THIELE. 
Within the valve on the posterior wall of the channel opens the vagina (vg.), which 
consists of a stout tube ending blindly in a globular recurved bursa copulatrix (b.c.). 
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There is no second sac on the course of the vagina, which is also the only connection 
between the bursa and the female channel. From this it follows that the herma- 
phrodite duct of Bathydoris divides but once—namely, into a male and a female duct. 
The Dorid duct bearing the so-called spermatocyst, and connecting the bursa with the 
region of fertilisation in the course of the oviduct, is totally unrepresented. In short, 
Bathydoris browna is typically diaulic, like Tvitonza and the Pleurobranchids. 

Externally, the everted organs are surrounded by a rim representing the limit of 
the common genital vestibule of the male and female system. 


SYNOPSIS OF SPECIFIC AND GENERIC CHARACTERS. 


When we come to analyse the differences between the foregoing account and those 
of the two previous investigators of the genus, we encounter considerable ditticulties in 
deciding which are specific differences and which may be put forward as corrections. 
To the latter category we may presume to relegate all differences in regard to which 
previous statements have been qualified or made with reservation. 

The specific distinctness of Bathydoris brownz is undoubtedly more striking than 
that of any of the other recorded species, and, since the animal was mature, there can 
be no question of its being the young of any one of them. Among characters pre- 
sumably not of generic rank which distinguish the species may be mentioned the 
following :— 

(1) The uniformity in size and shape of the lateral teeth of the radula. 

(2) The pitted pad on the glans penis. 

(3) The immediate sinistral bend of the cesophagus at its origin from the buccal 
mass and the unequal lengths of the cerebro-buccal connectives. The 
causal connection between these two features stamps them as true anatomical 
constants. 

(4) The two tufted gills placed on a traverse ridge symmetrically in front of the 
anus. 

On the basis adopted above, it is likely that the following features in which the present 
account differs from those of Brercu and Extor may be regarded as of generic value :— 

(1) The diauly of the reproductive system. 

(2) The circular canal embracing the pericardium and collecting blood from the 
dorsal integument. 

(3) The follicular nature and great size of the salivary glands. 

(4) The presence of two blood glands on the wall of the kidney (the structures 
described as such by Bercy and Extor turned out, on histological examina- 
tion, to be the follicles of the salivary glands; the true blood glands were 
not seen by these authors). 

(5) The asymmetrical opening of the efferent vein into the auricle. 

(6) The great saccular kidney with its ventral wall thrown into folds. 
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(7) The segregation of the genital elements of the visceral into a distinct ganglion 

on the surface of the brain. 

(8) The possession of a proximal and a distal rhinophorial ganglion. 

(9) The cuticularisation of the wall of the alimentary canal as far as the stomach 

(the horny cones imbedded in the cuticle were described by HExior for B. 
hodgson, but no armature was found by Brereu in B. abyssorum and B. 
ingolfiana ; its systematic value cannot therefore be assigned). 

(10) The presence of a gastric cecum. 

(11) The presence of small otocysts below the pleuro-pedal connective. 

The genus may now be defined in the following terms, of which some are supple- 
mentary to BerGu’s original definition :— 

Body highly arched and elliptical in outline. The edge of the noteeum slight or 
wanting. Dorsal papillae present or absent. Rhinophores placed rather far back, non- 
retractile, perfoliated. Gulls in front of the anal papilla, variable in number, non- 
retractile. Buccal mass very bulky. Radula sac not an appendage. Dental formula 
n. 1. n. Buccal cavity with a thick cuticle extending down the cesophagus. Powerful 
jaws present. (isophagus may have horny cones. Liver massive and unlobed, not 
invaded by any other viscus. Salivary glands follicular, flattened, with a stout 
duct. Cerebral and pleural ganglia distinct. Stomatogastric loop very long. No 
gastro-cesophageal ganglia, but the long gastro-cesophageal loop arises from the 
buccals. yes absent. Kidney saccular with laminate ingrowths of its ventral wall. 
Branchial and pallial efferents join before entering the right side of the auricle. Penis 
unarmed and massive. Hermaphrodite gland a compact mass. Reproductive system 
diaulic. 


Tue AFFINITIES OF BAaTHYDORIS. 


Berex and Exior have invested Dathydoris with a certain importance as a type 
combining the features of the Dorids with certain Tritonid characters, with prepon- 
derating affinities to the Dorids. The Tritonid features accentuated by BERGH were 
the buccal apparatus and the unarmed penis, while Exior rightly passes over the latter 
resemblance unnoticed, since an armature of the penis may be present or absent among 
the species of some genera of Dorids. As to the buccal apparatus, even a superficial 
examination shows that, when reference has been made to the great size of the buccal 
muscles and the jaws, the sole resemblance has been stated in full. In Zvitonia the 
odontophoral mass arises from the dorsal wall of the buccal cavity and bulges down- 
wards, while in Bathydoris that organ arises from the floor of the buccal cavity and 
bulges upwards. The mandibles are also quite differently placed and used in the two 
animals, those of 7’ritonia having their long, finely serrulated cutting edges facing the 
floor of the mouth cavity below the radula mass, while the blunt beaks of the mandibles 
of Bathydoris jut into the mouth above the radula. Moreover, the cesophagus takes 
its origin on the hinder aspect of the globular buccal bulb of Bathydoris, while the 
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cesophagus of 7ritonia rises out of the dorsal surface of the bulb and well forward, the 
main bulk of muscles being behind it. These and corresponding differences in the 
muscular mechanism suffice to make good the statement made above, that the supposed 
resemblances are confined to size and the presence of powerful jaws. It should be 
mentioned that Brercu refers specially to Bornella in assigning Tritonid features to 
Bathydoris; without discussing the problematic relationship of Bornella to the 
Tritonids, suttice it to state that the large buccal apparatus of that form differs from 
that of both Tritoma and Bathydoris. 

It is indeed likely that these three cases of powerful and mandibulate mouth parts 
are examples of convergence in unrelated types. The only other reference to a non- 
Dorid affinity of Bathydoris is made by Exvior when he compares the armature of the 
“stomach” with that found in Bornel/la. This comparison is strange, coming from an 
author who has since, in the Ray Society’s monograph, separated the two genera in 
his first cleavage of the Nudibranchs. In any case the comparison is untenable, since 
the two armatures are totally unlike in structure and position, that of Bornella being 
situated in a region of the alimentary tube posterior to the point of entrance of the 
liver ducts. On the foregoing grounds we must regard the proposed Tritonid and 
Bornellid affinities of Bathydoris as inadmissible. It is, however, obvious that the 
investigation of this last species has brought out certain features of the genus which 
render necessary the reopening of the discussion of its affinities and, as we shall see 
later, those of the Dorids generally. It is no less certain that the genus presents a 
combination of characters far more significant than that considered by Bercu when he 
assigned its aflinities—namely, a Dorid gill of a primitive form, an asymmetrical heart 
and efferent branchial system, blood glands placed far back on the course of the aorta, 
a thin integument with scattered branchiate outgrowths, a diaulic reproductive system, 
a liver distinct from the gonad and kidney, a brain with separate ganglia, a nerve 
collar embracing the buccal bulb and not the cesophagus, and finally, but perhaps least 
significant, a powerful buccal apparatus. 

That Bathydoris must be definitely placed among doridiform animals follows from 
its possession of the following striking Dorid characteristics :— 

(a) The collocation of the anus, renal pore, and gills in the median line posteriorly. 
The gill is, however, more primitive than the typical rosette form common 
among Dorids, though primitive gills are also found in such types as 
Trevelyana and Nembrotha. 

(b) With the exception of the buccal mass and the protected cesophagus, the 
alimentary canal is Dorid, even to the possession of a gastric cecum, and 
those divergent features are adaptations to a coarser and more omnivorous 
diet. The enlargement of the salivary glands is probably due to the same 
cause. 

(c) The kidney is a Dorid structure, the reno-pericardial tube and syrinx being 
practically identical with those of Doris as described by Hancock 


206 MR T. J. EVANS ON 


and by Hecut. The absence of ramifications is, doubtless, a primitive 
character. 

(d) The blood system is built essentially on Dorid lines, but presents a greater 
number of primitive features than any other. Chief among them are the 
possession of but one auricular efferent opening, the union of the circular 
collecting canal of the integumental system with the efferent branchial, and 
the position of the blood glands. It is noteworthy that these primitive 
features are points of agreement with the Tectibranchs, especially the 
Pleurobranchids. 

(e) As to the reproductive system, its diaulic condition makes it more primitive 
than that of any other known Dorid; but, apart from that very important 
divergence, it closely resembles that of Doris, since the separation of the 
gonad from the liver is found in a typical Dorid like Alloiodorvs. 

(f) The nervous system, in spite of a close similarity to the Dorid type in most 
respects, differs from it in several important points. Of these, the length 
of the nerve collar and the position of the brain on the top of the buccal 
mass are paralleled in Zritonva and the Pleurobranchids, and should probably 
be regarded as primitive, while the distinctness of the ganglia of the brain 
and the absence of separate gastro-cesophageals, if primitive features, take 
us back to a condition earlier than that found in the Pleurobranchids and 
Tritona. The fusion of the ganglia of the visceral loop with the pleurals 
is, on the other hand, a modern feature, as is the loss of eyes consequent 
on the adoption of a deep-water habitat. 

We conclude, therefore, that Bathydoris is a highly primitive Dorid possessing 
some characters that adapt it to a specialised habitat and mode of life, while those that 
are primitive connect it with the Tectibranchs, particularly the Pleurobranchids among 
existing forms. ‘The derivation of the Dorids from Pleurobranchid ancestors is, 
however, no new proposition. Gutart, for example, has recently advocated their union 
into one group, and PELSENEER has derived all Nudibranchs from the Pleurobranchids 
with 7ritonva as an intermediate link. 

BrErGu’s advocacy of a special relationship between Bathydoris and Tritonia on the 
evidence of the buccal apparatus has already been criticised. PELSENEER’S position, 
however, takes a wider outlook, but takes no cognisance of Bathydoris at all. He 
bases his contention of the Tritonid origin of all Nudibranchs on the possession by 
Tritonia, in common with the Pleurobranchids, of a large number of primitive Nudibranch 
characters which are not found together in any other Nudibranchs. These are :—a 
frontal veil, formed by the fusion of the oral tentacles of the Pleurobranchid, a wide 
foot, a ventricle turned to the right, a broad radula, a nervous system placed on the 
buccal bulb, an cesophageal crop, extensive salivary glands, a saccular, unramified 
kidney, a long reno-pericardial tube, pericardial glands on the auricle, male and female 
openings in a common vestibule, and a lateral anus. Of these, it will be noticed that 
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Bathydoris possesses all except the lateral anus. Further, it retains oral tentacles in 
a condition more strongly reminiscent of those of Plewrobranchea than that of the oral 
veil of 7ritonia, while the separate ganglia of the brain and the separate gonad of 
Bathydoris can certainly not be regarded as new and derived features in that genus. 
Thus, excluding the case of the lateral anus, which will be considered separately, Bathy- 
doris, which is essentially Dorid in construction, exhibits all the primitive features of 
Tritoma, some indeed being more primitive than the corresponding ones in 7ritonia, 
the supposed ancestor. At this reductio ad absurdum we arrive by considering only 
those primitive features selected by PELSENEER, without calling in the evidence of the 
blood and respiratory systems wherein 7vitonia, with its symmetrical auricle receiving 
blood from symmetrical lateral sinuses, appears very modern indeed. Itisin the complete 
avoidance of any comparison between vascular and respiratory systems in 7ritoma and 
Pleurobranchids that the weakness of the Tritonid theory of Nudibranch descent lies, 
and it is significant that on the characters of these very systems is primarily based any 
discussion of gastropod and even molluscan aflinities. Previous application of this 
eriterion in the Opisthobranchs has resulted in their cleavage into Tectibranchs with 
a ctenidial gill and Nudibranchs with pallial outgrowths of varied form and distribution 
replacing the lost ctenidium. Of these neomorphic gills the lateral tufts of Tritonia 
have been regarded as an early type, but it is not clear whether the Dorid circlet was 
derived from them by concentration or by local specialisation round a posterior anus or 
was evolved independently. Nor is it clear why modern writers on the Opisthobranchs 
have always accepted the neomorphic nature of the Dorid circlet. It is true that a 
comparison of the highly specialised, multipinnate plumes placed in a pit in the 
tuberculate dorsum of some Dorids provides no suggestion of homology with the 
etenidium of a Tectibranch ; but it is not such a comparison of extremes that evinces 
homologies. In Bathydoris, however, the gill is in two portions only, joined by a 
erinkled ridge, it shows but the beginnings of pinnation, its lobes have the broad laminze 
running from the afferent to the efferent side seen in the ctenidium of the Tectibranch, 
and there is no suggestion of the circumanal ring in either the gill or the underlying 
vessels. From this point of view the extreme similarity of the condition of the 
auricle, the efferent branchial vessel, and the circular sinus in Bathydoris and the 
Pleurobranchids acquires a special significance. Evidence derived from the nature of 
the innervation is perhaps of doubtful value; but, so far as it goes, it is favourable 
to the present contention, since the Dorid gill is jointly innervated from pleural and 
visceral centres, while other Nudibranch gills receive no visceral nerves unless invaded 
by ramifications of the liver. The dorsal position of the Dorid gill should present little 
difficulty, since the pallial edge of the Dorids is undoubtedly a new formation of 
mechanical value which progressively increases in width within the group and is absent 
in many genera. In any case, the same difficulty would apply to the anus and renal 
pore, and there is no proposal to class them as new formations in the Dorids. The separa- 
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gill, since it is a progressive process in the group and is incipient in many Tectibranchs, 
including Aplysia. Moreover, at least one Dorid, Trevelyana crocea, has a single un- 
divided laminate gill indistinguishable from a ctenidium. Furthermore, the three residual 
units of the pallial complex—namely, the kidney and its pore, the intestine with the anus, 
and the gill—occupy in the Dorids just those relative positions which they would occupy 
had they been turned over from the Tectibranch position into the median dorsal line. 
Here one is inclined to ask what is the nature of the great cavity, cut off from the 
underlying hemoccele, which lies under the dorsal integument of the Dorid, but is 
absent in all other Nudibranchs. An exactly similar cavity in Pleurobranchus or 
Oscanius contains a shell-remnant, and is the shell-cavity. In the absence of any 
information regarding the metamorphosis of the veliger of either Dorids or Pleuro- 
branchids, it is difficult to find any satisfactory reason for contradicting the homology 
of these two spaces. 

It is on the above grounds proposed to define the Dorids as ctenidiate Opisthobranchs 
that have retained the shell-cavity and in which the elements of the pallial complex 
have moved dorsally into the median line. In this position the ctenidium has under- 
gone progressive modification within the group, the retractile circlet being its highest 
development. 

In Tritonia, on the other hand, the residual members of the pallial complex have 
remained in a more anterior position than they occupy in many Tectibranchs, and in 
that position the old molluscan gill has been lost. Whereas in the Dorids and Pleuro- 
branchids the connection of the auricle with lateral integumentary sinuses is supple- 
mentary to the ctenidial connection, in Zritonia it is the sole remaining connection of 
the auricle with respiratory sinuses. As a primitive actenidiate animal, however, 
Tritona retains many common features with the Dorids and Pleurobranchids, its 
nearest ctenidiate relatives. 


BIBLIOGRAPHY. 


(1) Brreu, R., “ Report on the Nudibranchiata,” ‘‘ Challenger” Hapedition, vol. x., 1884. 
(2) —— “Nudibranchiate Gasteropoda,” Danish “Ingolf” Expedition, vols. ii.—iii., 1900. 
(3) Dreyer, T. H., “ Uber das Blutgefiss- und Nervensystem der Aeolididae und Tritoniadae,” Zedtschr, 
f. wiss. Zool., Bd. xcvi., 1910. 
(4) Enior, Sir Cuarues, A Monograph of the British Nudibranchiate Mollusca, part viii., Ray 
Society, 1910. 
“Report on the Mollusca Nudibranchiata collected by the Discovery,” National Antarctic 
Expedition Reports, 1907. 
(6) Gurart, J., ‘‘ Les Mollusques Tectibranches,” Causeries scientifiques de la Soc. Zool. de France, 1900. 
(7) Contribution a Vétude des Gastéropodes Opisthobranches, Lille, 1901. 
(8) Hancock, “On the Structure and Homologies of the Renal Organ in the Nudibranchiate Mollusca,” 
Trans. Linn. Soc. Lond., xxv., 1865. 
(9) Hancoox and Emerton, “On the Anatomy of Doris,” Phil. Trans., London, 1852. 
(10) Hecur, E., ‘ Contribution a I’étude des Nudibranches,” Mém. Soc. Zool. de France, vol. viii., 1895. 


(5) 


THE ANATOMY OF A NEW SPECIES OF BATHYDORIS. 209 


, 


(11) ps Lacazg-Dutuisrs, H., “Histoire anatomique et physiologique du Pleurobranche orangé,” Ann. 
Sct. Nat. (4), xi., 1859. 

(12) Mogur1n-Tanpon, G., Recherches anatomiques sur ?Ombrelle de la Méditerranée, Thése de Paris, 1870. 

(13) Peusenesr, P., Recherches sur divers Opistobranches, Gand, 1893. 

(14) Turetz, J., “Die antarktischen Schnecken und Muscheln,” Deutsche Stidpolar Expedition, 
Berlin, 1912. 


EXPLANATION OF PLATES XVII. AND XVIII. 
Bathydoris browntt. 


Fig. 1. The animal seen from the dorsal side, natural size. 

Fig. 2. General view of the alimentary system from above. 0.m., buccal mass ; er., cesophageal crop ; 
int., intestine ; 1., liver; @., esophagus; p.m., lateral pads of the inner lips; s.g., salivary glands. ; 

Fig. 3. Buccal cavity laid open from above. J., jaws; o., odontophore; @., esophagus ; P.J., pads of 
the jaw ; p.m., pads of inner lips; R., radula. 

Fig. 4. Portion of a half-row of the radula. L.'-L.”, lateral teeth 1 to 5; Rh., rhachidian tooth. 

Fig. 5. Stomach and adjacent parts of the alimentary canal laid open; the cut is continued into the 
posterior lobe of the liver. 0.0., bands on the wall of the crop; /., liver ; int., intestine ; /.t., liver ducts; s.r., 
gastric cecum ; st., stomach. 

Fig. 6. Section across an cesophageal band. 0.c., brown cones; ct., cuticle; ep., epithelial layer; m., 
muscle layers. 

Fig. 7. Nervous system. 6.co., buccal commissure; c.y., cerebral ganglion ; gen.g., genital ganglion ; 
g.0.n., gastro-cesophageal nerves ; ped.g., pedal ganglion; ped.com., pedal commissure ; p.ped.com., parapedal 
commissure ; pl.g., pleural ganglion ; s.g./., buccal loop; st.g.g., stomato-gastric or buccal ganglion; v./., v.14, 
visceral loop ; v.n., visceral nerve. 

Fig. 8. Kidney with thin dorsal wall removed. a.c., aortic bulb ; 0.g.', 6.g.4, lobes of the kidney to which 
the blood glands are attached; c.art., cephalic artery; h.g., hermaphrodite gonad; znt., intestine; o.v., 
opening of aortic swelling into the ventricle ; 7.d., renal tube to exterior ; r.p.d., reno-pericardial duct; 1.:s., 
renal syrinx. 

Fig. 9. Arterial system. a.c., aortic bulb; b9.', b.g.4, blood glands; c.art., cephalic artery ; cer.art., 
cerebral artery ; buc.art., buccal artery; g.art., genital artery ; dab.art., labial arteries; /ac., lacuna under 
buccal mass ; ped.art., pedal artery ; sal.g., salivary gland ; v.art., visceral artery. 

Fig. 10. Diagram of the afferent and efferent vessels. a.b.v., afferent branchial vein; awr., auricle; 
¢.s., circular sinus ; e.b.v., efferent branchial vein ; h.v., hemoccelic vessels ; m.s., median sinus. 

Fig. 11, a and 6. Diagram showing the relation of the penis to its sheath in the retracted and protruded 
condition, 

Fig. 12. General view of the reproductive system. a.i., atrial lips ; a.g., albumen gland ; amp., ampulla ; 
b.c., bursa copulatrix ; c.h.d., common hermaphrodite duct; f.o., female opening; h.g., gonad ; m.g., mucus 
gland ; o.d., oviduct; p., pitted pad on penis; p.s., penis sac; v.d., vas deferens; vg., vagina. 
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VIl.—Rupture Stresses in Beams and Crane Hooks. By Angus R. Fulton, 
B.Sc., A.M.Inst.C.E., Engineering Department, University College, Dundee. 
Communicated by Professor A. H. Gipson, D.Sc., A.M.Inst.C.E. 


(MS. received November 4, 1913. Read February 16,1914. Issued separately April 15, 1914.) 


I. Benpinc Moment as IN A BEAM. 


In connection with a research into the failure of timber under stress, carried out 
by the author, and on which a paper was read before the Royal Society of Edinburgh 
and published in their Transactions,* many of the tests were made by cross-breaking. 

The probable development of the stress diagram of a beam of rectangular section, 
supported at two ends and loaded in the middle where the tensile and compressive 
strengths of the material are of different values, was illustrated in fig. 38 of that 
paper. It was there laid down that when the fracture point was ultimately reached 
either (a) the tension and compression stress areas both assume the rectangular 
form and are equal to each other, the stress ordinates respectively being equal to 
the ultimate breaking stresses of the material in direct tension and compression ; or 
(b) the cohesion between adjacent fibres measured from the neutral axis outwards is 
not sufficient to withstand the shear induced by the resisting moment of the beam, 
a shear which is at a maximum along the neutral axis of the beam. 

These assumptions made for the case of beams of rectangular sections might be 
said to have found verification in the experiments on such beams of various timbers 
supported at two ends and loaded in the middle, the results of which were tabulated 
in that paper. 

Expervments on Cast-Iron Beams. 


Since then the author has carried out a number of similar tests on rectangular 
beams made of cast iron, a material which differs from timber in that it apparently 
possesses no plastic stage such as characterises the latter. 

The specimens used for the purpose of obtaining direct tensile and compressive 
stresses were cast from the same melting as the beams and so were directly comparable. 

The average values obtained for these direct stresses were :— 


Cast Iron. 


Tension stress, T= 9°5 tons per sq. in. 
Compression stress, C=45°5 ,, 4, 5, 
The dimensions of test pieces used in compression were 23 in. long and 1% in. 
x £ in. 
The formula as derived in the paper referred to, and presumably applicable to all 


* Trans, R.S.H., vol. xlviii., 1912, pp. 417-440. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 7). 29 
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rectangular beams in which an ultimate rectangular distribution of stress is reached, 


gives :— i F f 
T+ M T+ 
= Z'0— —— = == Se “ a 5 
(Sig SCL) “mee (1) 

where t= the ultimate extreme tensile fibre stress m beam, 

a Be ss compressive fibre stress in beam, 

M= ,, external bending moment, 

= ,, ultimate direct tensile stress of the material, 
C=a4 _ , compressive stress of the material, 


= ,, breadth, and d=depth of the beam. 
Substituting for M= a since the beams were loaded in the centre and supported 
at the two ends, and for T and C the average values obtained, we have 
b= "(O0—— ancl rere for cast iron. 
Table I. gives the results of the beam experiments, and it will be seen that the 


calculated values of the extreme fibre stresses t and ¢ agree very well with the 


TABLE I, 


Castv-Iron Beams. 


Tons per sq. in, Elastic Formula. LOR 
Breaking 
No.| Span. | 0. d. Weight 
in Tons. WL WL WL 
t 105° c=3 aa t=c bbs 1B, E,, 
1 |} 36 | 2-00 | 1-02 8 97 46°17 20°77 1-48 
2) 12 | 1:02 | 2:00 4°43 9°14 43:50 19°57 xe 
3 | 36 | 1:00 | 1:95 1:45 9°65 45:93 20°67 1°85 
4) 12 | 1:00 | 1:95 4°29 9°45 45:00 20°25 
Date 2's | 1:95.) 1°00, Pos ir 9°31 44°33 19°95 
6 | 36 | 1:05 | 2:05 156 oi 43°67 19°65 1°53 
i) 12} 2:05 , 2°05 4°34 8°30 39°50 ane 
S| 12 | 2°06 | 1:00 2°2 8°61 41°10 18°45 “3s 
9| 36 | 2°03 | 1:07 65 7:07 33°67 15°15 1°35 
LOR L291 2703. | T07 al 9193 7:00 33°33 15:00 
Ly 22s | Or. 2-03 4°43 8:47 40°33 18°15 7 
12 | 36 | 2:00 | 1-05 ‘72 8°26 39°33 Miers 1:48 
13 | 12 | 2:00 | 1:05 21 8-01 38:17 LALT. ie 
14 | 12 | 1:05 | 2:00 4-4 8-75 41-67 18°75 a a 
15 | 36 | 1°03 | 2:05 | 1:34 arene 37:00 16°65 1:51 | 1-5u 
16 | 12 | 1:03 | 2-05 4:74 9:18 43°87 19°74 aon ae 
17 | 12 | 2-065 | 103) 9:48 9°41 44:83 20°17 oe a 
| 18) 36 | 1:05} 2:04 | 1°55 8°94 42°57 19°15 1°48 | 1:67 
| 199 22 27045) 105 2°33 871 41°47 18°66 a Z 
20; 12 | 1°05 | 2°04) 4:75 9°14 43°50 19°57 aes is 
21] 36 | 2°06 | 1°03 | ‘76 8°50 40°50 18°22 1°45 | 1°61 
22 | 12 | 2:06; 1:03 | 2°38 8°88 42°30 19:03 sti 250 
23 | 12 | 1°03 | 2:06 | 4:32 8°30 39°53 rer 
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ultimate stresses obtained in direct tension and compression. The last two columns 
of the table give Youne’s modulus when the beam is placed on its broad or narrow 
face. 


General Case for Beams of any Section, but with the Ultimate Distribution 
of Stress a Rectangular One. 


The general case may be deduced as follows :— 
Let fig. 1 denote the section of the beam, and let 
A =total sectional area, 
A,= ,, area ultimately subjected to tensile stress, 
=e . 3 compressive stress. 
t, c, T, C, and M have the same meaning as before. 

Also let NN =ultimate position of neutral axis, the plane 
of which extends along the length of the 
beam and divides each cross-section of the 
beam into areas A, and A,, 

yr = distance of centroid of area A; from NN, 
mt Ue 5, ‘ ee AL . Fie 
and let the ultimate distribution of stress be a rectangular one. 

From the condition (a) that the tension and compression stress areas are equal 

to each other, we have 


tA,—cA,=0. ; : : : 7 ha) 


If the ultimate fibre stresses reached at the point of rupture be equal to the 
ultimate direct stresses T and C in tension and compression respectively, then 


T= Cs, 0) 
and 
Nye 9 a na er a 
am ic AAS TO: a eere: 
and similarly 
I 
A,=A : 
Dac 


We therefore obtain the position of the neutral axis of the beam at fracture point 
by dividing the total area A into areas A, and A, in the ratio of - 


Further, since the resisting moment of the section just up to the point of rupture 
equals the external bending moment, 
ie 


C 
| “. M=tAy,+ cAYo= tA(y, +Yy-) =CcA (y+ Yc) = tA aly +Yy.) = CAT rs aly as Yc) : (1.) 
M T+C 
SS ; : : : ; : »/ Ga 
Ati) C (Ta) 
and ¢= u Tee - 5 : . ‘ : : 2 (IB) 


A(yity.) °T 
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If T and C are equal, the final position of the neutral axis will divide each section 
of the beam into two equal areas and the value of the fibre stress 
2M 
{on G—_———————— ; : : : : (1 
oS RGAY) 
In such a case, if the section is symmetrical about the original neutral axis, the 
position of the latter does not change. 


Hxpervments. 


In order to verify the correctness of such a formula, some tests were made by 
the author on wrought-iron bars. These bars were stressed as beams, and since the 


Ore 
Fj maa i 
tie 


Fig,la 


material used here was ductile, no definite rupture took place. The ultimate load 
was therefore taken as that load at which the beam failed to stand up to the 
applied load and buckled up. Portions were cut out and tested to failure in 
direct tension. No tests, however, were made in direct compression, the fracture 
value of the material under compression being assumed to be equal to that under 
tension. 

The bars were of various sections, and are illustrated in fig. 1a. 

The sections A and B, which are circular, one solid and the other hollow, show 
an entire agreement between the direct tensile stress and the induced tensile stress. 
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Of the rectangular specimens C and D agree fairly well, but E, which is square, falls 
short in the induced stress. 

F, G, and H are comparable as a group, and the results in the cases F and G are 
quite satisfactory. H, however, shows a deficiency in the induced stress which is 
somewhat marked on the 36-inch span, but less so on the 15-inch span. This may 
be explained by the fact that it is impossible for the web portion of the section as it 
is laid to be stressed to its full rupture value before the flanges give way. But if we 
consider this section as made up of the flanges only, as shown by the shaded portions 
of H, then the results are much nearer agreement, and are given in the table as ,H, 
and 2H». Section K was also tested for two lengths of span, the results of which 
differ somewhat. If the average of the induced stresses be taken, it agrees with the 
direct tension result. 

Table II. gives the results of these tests. 


Tapnr IJ. 
Bras. Tension TEsts. 
ea ak Central coon Fibre a east Total Tensile Stress 
Section. s y,t+y.| Load. L. “| tore=———_ aes Load. per sq. in, 
ee | Tons, a Aly e+ Yc) 4 ee Tons. Tons. 
| Tons per sq. in. 

A ‘7854 | -425 -428 | 36 23-08 ‘7854 | 18:75 23-87 
B 463 By s}5) 485 36 24°98 -463 11°62 25°10 
C *805 805 *805 36 22°36 805 18:8 23°35 
D 1:8 “45 925 36 20-55 163 3:28 20'1 
E 93 “48 ‘477 36 19-23 93 23°6 25°34 
F 26 ‘445 135 36 21:00 123 3:09 25:1 
G, 81 39 383 36 21:82 161 3°75 93°3 
G, “81 39 1:055 15 25°04 161 3°75 23°3 
Hi 448 266 109 36 16°43 7108 2°64 24°46 
H, 448 266 "285 15 17°88 ‘108 2°64 24°46 
iH, 285 *315 ‘109 36 21:86 108 2°64 24°46 
oH, 985 | -315 | -285 | 15 23°81 108 2-64 24°46 
K 67 1:31 87 36 17:84 alow 2°99 21°76 
K, 67 1:31 2:725 15 23°29 ‘137 2°99 21:76 


Il. Benprinc Moment 1n Cases or Eccentric Loapinc, as Hooks, Erc. 


Another and important case is where a section is subjected to non-axial loading, 
as in crane hooks. 
Under such conditions a section as AB of fig. 2 is generally said to experience :— 
(1) A uniformly varying stress due to the bending moment of a couple of magni- 
tude WL, the intensity at any point varying directly as the distance of 
that point from a fixed axis N in the plane of the section known as the 
neutral axis of stress ; 
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(2) A direct uniformly distributed stress due to the force W acting at the centroid 

of the section AB. 7 

Thus if the strain produced was entirely elastic, the stress diagram of (1), when 

the material has approximately the same ultimate strengths in compression and in 

tension, would be as represented by AaNbB in fig. 3, Aa being the tensile stress 

of the extreme fibres AA, and Bb being the compressive stress of the extreme fibres 
BB of the section shown in fig. 2. 

The neutral axis NN passes through the centroid of the section. This diagram 

would be modified by the direct tensile stress AA, of (2) to the form AaN,),B, this 


a 
having the effect of changing the neutral axis from N to Ni: Tf NN, =@, atin 
increases the external bending moment to the extent of Wa, and correspondingly 
the resisting moment of the section must be increased to the same extent. 

If ¢ and c represent the values of the extreme stresses, then, by the ordinary 
elastic formula for determining these stresses, 


My W_ ¢ ) 
bm eee tn : ; : . (2a) 
_ My w= w(=! | 
Ce ae et . (20) 


Therefore the ratio of “= constant and the line ab;, though its slope varies, passes 
C 


through a fixed point N, so long as the condition of elastic stress is maintained. 
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The very approximate nature of the results obtained by this theory of combined 
tension and bending moment is dealt with in a paper* by Mr EH. 8. AnpREws, B.Sc., 
and Professor Kart Prarson, F.R.S., the magnitude of the error being there proved 
to depend upon the radius of curvature to which the hook is bent. They too arrive 
at the conclusion that the stress at any point in any fixed section under a given load 
is only a function of the distance of that point from the centroidal line, the maximum 
stress being obtained at the maximum distance from that line. Since the stress, then, 
depends directly on the load and this function, it follows that there will be a true 
neutral axis. An expression for its distance from the centroidal line is obtained, and 
this is a constant for a given section. The stresses, however, do not vary directly as 
the distance from this neutral line. 

If the section, which is that of a 15-ton hook, is as shown in fig. 2a, with the 
centroid at N, then the diagram Aa,N,b,B of fig. 3a represents the diagram of 
stresses to some scale, as got by ANDREWS’ theory, right up to the true elastic limit 
on the tension side, and N, is a fixed point. 

If it were possible for the material to behave elastically right up to the point of 
fracture, then our ultimate stress diagram in accordance with the two theories would 
be as in figs. 3 and 3a, but of greater magnitude, and would be represented by 
AaiN,b,B in figs. 4 and 4a. 

But the extreme stresses Aq, on the tensile side, as calculated from (2a) and by 
ANDREWS’ formula and as shown on these diagrams, are much greater than the 
tensile strength of the material. Let AT and BC represent the fracture value of 
the material in direct tension and compression respectively. (While the fracture 
value in direct tension is easy to determine, that of a ductile material in direct com- 
pression cannot be determined absolutely. The term is here used to mean that value 
of the stress at which the strain exceeds a certain fraction, having regard to initial 
section and length of test piece.) Through T and C draw lines parallel to AB to 
intercept ab, in T,; and C,. Then the areas Ta,T, and Cb,C,, where the stresses 
would exceed the fracture value, cannot exist. Note the area Cb,C, is a minus 
quantity in fig. 4a. 

But the resisting moment of the internal stresses just before rupture must be 
equal to the external bending moment, and therefore areas within the stress limits, 
the summation of whose moments is equal to the summation of the moments of 
these excess areas, must be found to replace them. These can be represented by 
N,T,N, and N,C,C,N,, possibly involving another alteration of the neutral axis to N2. 

The conditions involved in this redistribution of stress areas are (a) that the 
summation of the moments of the complete resisting stress areas CC,N. and TT.N,» 
should be equal to the moment of the external load W about an axis through N, ; 
and (6), that the algebraic sum of the tensional and compressive stress areas should be 
equal to the external load W. 


* Drapers’ Co. Research Memoirs, Technical Series I., London, 1904. 
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It is now possible to proceed to establish a connection between the extreme fibre 
stresses at fracture point of a non-axially loaded body and the moment of the ex- 
ternal load. 

Let the symbols A, A;, A., T, C, t, and ¢ have the same meaning as in the case of 
beams, and whatever may have been the elastic distribution of stress, let the ultimate 
distribution be a rectangular one. 


If the resultant foree W was very small and L very great, then only the bending 


' 
ture Stress 


SI 
ae 


._Ttuplure_ Stresses with Andrews’ Formula = a 


kg A 
a 
In 
00 
EN 


ro eg ee OO Ae ies ray peienges [eee ae) 


moment stress need be considered. For this special case, if Ay and Ag be the tensile 
and compressive areas respectively, then 


Be = Pues before, for tA, —-cA,=0. 
AGEs 


If the ultimate stress reached be equal to the ultimate direct strength of the 
material, then 


In order to obtain the position of the neutral axis NN under this condition, we 
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divide up the section of the hook in the above ratio as shown in fig. 5. Let y, and 
ye be the distances of centroids of Ar and Ag from the neutral axis NN. 
Then we have, since the external moment equals the internal resisting moment, 
WL=tayy,+ cAcy, 


C I 
(Na eta eS 
TEC" = TC"? 


and at the fracture point, when ¢ and ¢ equal T and C respectively, 


: (Yet Yc) . 0S) 


WL= ONG, + Y.) = cA a 


T+C 


Now, when the resultant tensile foree W becomes important and is taken into 


consideration, we have 
tA, a cAg = W. 


We may imagine that this is the previous case, with L diminishing as W increases. 
Since the stress limits at fracture are T and C as before, these cannot be altered 


Fig. 9. 


to meet the resultant W, which can only be balanced by a transfer of part of the 
compression.area to the tension side. Of course, the moment of these rearranged 
areas must be equal to the external moment. Let the shaded area in fig. 5 be the part 
so transferred from compression to tension, and let the actual final position of the 
neutral axis be N, at a distance «x from N, and % and z, be the respective distances of the 
centroids of the areas A; and A, from those of the areas Ay and Ag of the special case. 
From the equation of moments we have 
W(L+2) =tay,+%—%) +cA(y,—#+%,). 


Now 
Cc 
A,=A = ASG 
ea eG 
ali 
A.=A,-a=A = 
OT A aa eG 


(3) 
and 2,=a Z 


Cc . 


C ab 
T+C T+C 
TRANS. ROY. SOC. EDIN., VOL..L. PART I. (NORD): 30 


“. W(L+2)=tA Y+cA 


y,+ x(tA,—cA,) — as(t +c). 
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But 
WwW 


T+C 


atY—a(-C)=W. .. a(T+C)=W; anda= 
‘. when the ultimate stresses are T and C we have 


W(L+2)=tA = (yt y) + We - 


a 
— oe 


Eliminating balancing moments, this aad becomes 


+Y.) = WL+ 22 


‘bay, 
cA 5 et ye) =# 


This means that what was the beh moment of the section before this 
alteration of the neutral axis has, by reason of the rearrangement, become equal to 
the original external bending moment plus the moment of the weight about half 
the displacement of the neutral axis.: 


Since w is usually small, — may be considered to be negligible, and therefore 
for all practical purposes the relationship between the external moment and the 


resisting moment of the section just at the point of rupture may be taken as the 
same as when there was no resultant, that is: 


WL=ta7— (ut Ue) = . cp 
a Tre 
HONS ee . (IIL.A) 
— Swi TC 
c or O SMensca ae : : : . , . (IIT.8) 
Now, if T=C =f, as is approximately the case for W.I. and mild steel, then 
WL 2 4 
Silas wie : : : 3 
z A (Ye+Ye) 4 
Experiments. 


The results of experiments undertaken by the aetHOn with hooks made from 
various materials show that the values obtained for “f,” as calculated from formula 
(3) when the ultimate stress-point is reached, agree more or less accurately with the 
direct stress values. The first tests were carried out on galvanised wrought-iron 
hooks used for suspending ship’s boats. The hooks were of circular section, and had 
ends long enough to enable ordinary tension test pieces to be cut off. 

Afterwards a series of tests were made on hooks specially manufactured from 
round bars of various materials. In addition to the length necessary for the pre- 
paration of the hook, two other lengths were cut off each bar, one being tested in 
direct tension cold, and the other was first annealed before being so tested. In this 
way a direct comparison was made between the stress induced in the hook by 
bending and the ultimate tensile stress as found after heating. 

A hook was also made from a bar of rectangular section, and also another prepared 
with an approximately rectangular section by flattening the sides of a round bar. 
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In addition an examination was made of the investigation * by Professor GoopMan 
into the strength of drop-forged steel hooks, which was published in Engineering, 
and also of the results contained in his paper ¢ on “ Crane Hooks,” which followed on 
the lines of ANDREWS’ theory and which was published in the Proceedings of the 
Institution of Civil Engineers. 

The values of (y,+y-) in terms of the depth of section and of the consequent 
values of “f” in formula (3) is given below for the various sections investigated:— 


Description of Hook. (Yet Yo)» ie 

(1) | Circular . : - : ‘ , ‘425d a 

WL 
2 aes : ‘ : 3 ‘bd y lees 
(2) | Rectangular Te 
(3) . with rounded ends . é ‘43d 46540 
(4) | Goopman’s drop-forged steel. ‘ 1:43h 1650 
(5) = wrought-iron Ist set. ; “48h ae 

WL 
6 ; 53 : “4 Ao) fa 
(6) ; 2nd set 8h 17 ah 


These were found to justify the conclusions which are set forth in the present 
paper, and an analysis of these along with the experimental results are given in 


Table III. 


Tasze III. 
>,8 M : 
eae ee ax. Direct 
Ne =o Tensile Stress. : 
Description. | Material. me rat ara ee es : ere 
ns. q. In. ons, Ss |= &, ormula, 
I ¢ 
‘ #8 | (Cold). | (Annealed). 
No, 1 round Walt a 95 4:25 | 1:3 25°97 | 24°6 chs 46°64 
pee a 1:0 ‘78 DO!) del 25°70 | 25:1 ae 48:58 
ee 5, BB. 1:02 83 4°35 | 1:0 24°45 | 23-05 23°41 46°61 
ae Swed. 1:02 82 3°24 | 1°15 20°83 | 20-00 20°12 39°38 
eo” 5, S.M.S. 1:00 ‘78 3°8 fel 25°20 | 25-00 25°80 46°97 
ae Mild S. 1-02 82 30 13 21:92 | 24-4 24-17 40°70 
pe erect. is 93 “46 25 1:2 27:90 | 26°8 se 48°86 
eS. 55 Wel 1:02 82 30 1:3 21:7 24°6 ba 
Average value | 24:20 | 24:20 


* See GoopMAN on the “Strength of Drop-forged Crane Hooks,” Engineering, Ixxii. p. 537. 
+ GoopMan on “ Maximum Stresses in Crane Hooks,” Minutes of Proc. of Inst. of Civil Engineers, vol. clxvii. p. 296 
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TasLeE IIl.—contenued. 


i a AF Max. Direct 
SN) BEF Tensile Stress. : 
Ste 2 Depth. | Area. | Load. ” eae Elastic 
Pesce pinen.. || Material. Ins. Sq. in. | Tons. - E |< 3 Formula. 
I 4 
‘*. 2 |(Cold).| (Annealed). 
Goopman’s Tests. 
tons : 
4 drop-forged Steel "82 33 1'76 95 27°45 no value given 52°92 
4 < A “90 38 1:85 | 1:04 26:04 a 44°30 
4 . bd 1:01 910) ZAG) ail 24°18 aus 41:13 
1 es < 1:40 "95 (el a org 36°60 a 68°38 
1} Ks 1:60 1:26 1:29 | 1:83 30°69 5 54°49 
2 " a 2-00 1:94 | 11°49 | 2°10 28°93 5 52°64 
3 a : 2°32 2°60 | LS") 252 35°11 33 64:00 
4 A 5 2°68 3°34 | 23°23 | 2°83 34:14 ss 62°27 
5 3 im 3°00 ._| 4:01 | 26°87 | 3:20 33°34 55 59°86 
Average value 30°92 
5A Ist set Wel 3°49 559 | 32°5 3°35 23°35 | 23°5 A: 416 
5B re 5 3°47 5:84 | 34-1 3°42 23°93 5 ae 42°6 
LON 45 53 4°36 9°20 | 57:3 4°32 25°4 5 ae 45:3 
10B 3 5 4:34 O76) | 59 4°33 25°4 > 6, 45°8 
DAS, sig 55 4:78 | 12-57 | 62° 4°65 20°14 Fe sh 36°1 
15B - - 4:97 | L265" 9) 90:0 4:44 26°27 5 Sa 47:7 
Average value 24:08 
5A 2nd set W.I. 3°79 543 | 31-0 3°54 22°24 | 23°4 ee 39-1 
5B i ‘ 3°36 578 | 33°6 4°18 30°16 a 48°2 
OA Bs 4:75 | 10°96 | 54:0 4:48 US ere <5 ae 33°9 
10B e 55 4:63 | 10°80 | 59:0 4:71 23°17 ae 42°] 
15A 3 5:27 | 14:53 | 76°9 5:00 20°93 3 Be 39°9 
15B 9 eo 4:78 | 13°51 | 82°9 4:84 25°91 *, an 47-7 
Average value 23°63 
_ CONCLUSIONS. 


1. It may be taken as conclusive that the final distribution of stress at rupture 
point in a member subjected to an external bending moment is a rectangular one, 
unless where the cohesion of adjacent layers is not sufficient to withstand the shear 
induced by the resisting moment of the section. 

2. That, provided shear does not take place, the neutral axis moves always to 
the position which reduces the summation of the tensile and compressive stress 
areas, across a section, to the equilibrant of the external forces. (In the case of 
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a beam this reduces to zero; in that of a hook, at the principal section to the 
suspended weight.) 

3. That the total resisting moment of these stresses must be equal to the ex- 
ternal bending moment as measured to the neutral axis at rupture point, but that 
these balancing moments do not differ materially from those measured to an axis 
obtained by dividing the sectional area into tensile and compressive stress areas 
which are in inverse proportion to the magnitude of their respective ultimate direct 
stresses. 

The advantage of these formule are important. It is possible to indicate with 
certainty the magnitude of the load which will cause rupture in a beam or a hook 
provided there is known the point of application or the effective arm of the load, 
the cross-section of the beam or hook, and the breaking strengths of the material 
when subjected to the different forms of direct loading. 


TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 7). 31 


(295°) 


VIII.—Scottish National Antarctic Expedition: A Description of the Systematic 
Anatomy of a Fcetal Sea-Leopard (Stenorhynchus leptonyx), with Remarks upon 
the Microscopical Anatomy of some of the Organs. By Harold Axel Haig, 
M.B., B.S., M.R.C.S., late Lecturer in Histology and Embryology, University 
College, Cardiff; M‘Robert Research Fellow, University of Aberdeen. Com- 
municated by Professor ARTHUR Rosinson, M.D. | 


(MS. received January 26,1914. Read February 16, 1914. Issued separately April 30, 1914.) 
[Plates XIX.-XXII.] 


During the Scottish Antarctic Expedition of 1892-93 Dr W. 8. Bruce secured 
foetuses of Stenorhynchus leptonyx and Lobodon Carcinophaga, and on his return 
passed them over, with other material, to Professor D’Arcy W. THompson for the 
Zoological Museum of University College, Dundee. While some of the material has 
unfortunately been lost sight of during these twenty-one years, one specimen, viz. that 
of a foetus of Stenorhynchus leptonyx, was still in existence, and was returned by 
Professor D’Arcy THompson to Dr Bruce, who in turn asked me to examine and 
report upon it. Furthermore, during the voyage of the Scotia embryos of Leptony- 
chotes weddellt were obtained by the Scotva naturalists, and these were passed on for 
description to Professor WaATERSTON, at that time in the University of Edinburgh. It 
is on this material that the present monograph is based. 


PRELIMINARY CONSIDERATIONS. 


The feetus of Stenoryhnchus leptonyx, which is in a good state of preservation, 
measures 122 mm. from the tip of the tail to the most prominent part of the mid- 
brain ; the greatest breadth is about 43 mm., and the ereatest dorsi-ventral measure- 
ment is in the mid-dorsal region, measuring 35 mm. The umbilicus is situated 36 mm. 
from the cloacal aperture, the umbilical cord being relatively short, owing to the 
fact that the umbilical vessels soon undergo division into several large branches; a 
portion of the placenta with fragments of the foetal membranes is still attached 
to the cord. The actual mode of placentation and the disposition of the fcetal 
membranes are points which will be discussed at a later stage (see wfra, on the 
Placenta). 

The skin is in many places thrown into folds, some of these being normal, but 
others undoubtedly due to shrinkage consequent upon the action of the preservative 
medium. The flippers are fully formed, nail rudiments being present upon the 


dorsal aspects of the distal phalanges. 
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The head is at this stage not large in proportion to the trunk; rudiments 
of the vibrissee are to be seen at the sides of the snout, and the eyelids are 
formed although the palpebral fissure is not as yet open. ‘The tongue is an 
elongated organ, with a cleft tip, the two divisions appearing between the lips in 
the middle line. 

No sign of an external ear is present, nor is there any opening indicating the 
position of an auditory meatus. 

The whole trunk is curved towards the ventral aspect, but some of the curvature 
is probably due to mechanical causes subsequent to removal of the foetus from 
the uterus. 

Reference to Pl. XIX. fig. 1 will render the above points clear. 


SECTION I. 
GENERAL TOPOGRAPHY AND ANATOMY. 


A. Appearance of the Main Viscera in situ, from the Ventral Aspect. 


A median ventral incision was made, and flaps of skin and deeper tissues turned 
back to expose the structures in the neck, thorax, and abdomen; the sternum and 
ribs being also removed for the purpose of demonstrating the thoracic viscera, whilst 
the attachments of the diaphragm to the lower ribs were likewise severed. A 
separate flap was raised in the neck region to expose the larynx, trachea, thyroid, and 
parathyroids, and finally the parietal pericardium was cut away. . 

In the region of the umbilicus, care was taken not to sever the connection of the 
urinary bladder with the umbilical cord, and the umbilical vein passing from the 
cord to the liver was also kept intact ; subsequently, however, these connections were 
severed for greater convenience of examination. 

Reference to fig. 2, Plate XIX., will show that the heart is at this stage a large 
organ filling the greater part of the thoracic cavity ; from the ventral aspect, the 
right ventricle appears larger than the left, and the right auricular appendix wider 
than the left; the right appendix has a deep notch in its lower border, whilst the 
left one possesses three such notches. 

A portion of the aortic trunk shows above and dorsal to the right appendix. 

The thymus is relatively large, and extends from the root of the neck, where it is 
bifurcated, towards the left of the middle line, until it reaches a point just anterior 
to the left auricular appendix: the main mass of the thymus is subdivided into a 
number of lobes and lobules, and there are a few small isolated masses situated at 
the sides of the trachea just anterior to the upper bifurcated extremity.” 

The /ungs lie compressed against the walls of the thorax, and are not very obvious 
from the ventral aspect, the right upper lobe being most prominent, and below 


* Microscopical examination showed that these isolated masses possessed a typical thymus structure, 
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this a small portion of the middle lobe, whilst none of the lower lobe is visible ; 
both lobes of the left lung show, the anterior edges and portions of the lateral 
surfaces being seen. In the neck region the larynx and trachea form prominent 
features, whilst at the sides of the trachea the lateral lobes of the thyroid gland 
with the lower parathyroids are to be seen; no thyroid isthmus is, however, to be 
detected, a point which is noteworthy. 

The abdominal viscera from the ventral aspect (Pl. XIX. fig. 2):—The liver 
forms the most prominent organ in the abdomen, its right and left lobes, together 
with certain accessory lobes, occupying about one-half the available space; the right 
lobe appears to be larger than the left, but in reality this is not the case, since, when 
viewed from the dorsal aspect (see Pl. XXI. fig. 5), the left lobe is seen to be much 
the bulkier of the two. A fissure passes obliquely downwards and inwards from the 
middle of the lateral aspect of the right lobe, and effects a partial subdivision of this 
lobe into two, but the cleft does not extend deeply into its substance; whilst a 
small flap of the upper of the two subdivisions is seen a short distance internal to 
the right lateral margin, and partly conceals an aperture in the lobe in which the 
fundus of the gall-bladder appears (Pl. XIX. fig. 2”). 

Between the right and left lobes there isa fairly wide cleft, in which may be seen the 
umbilical vein passing from the umbilicus towards the ductus venosus. 

Coils of small intestine are seen lying caudal to the liver, but the stomach is not 
visible, being largely hidden by the left hepatic lobe. 

The urinary bladder is a very elongated structure, and is attached ventrally to 
the umbilicus: it opens caudally into the cloaca. The umbilical arteries pass along 
the lateral aspects of the viscus towards their destination in the placenta, and are 
well seen in transverse sections. (See Pl. XXI. fig. 4.) 

The chief points of interest in connection with the above description of the 
ventral aspect of the viscera are :— 


(i.) The relative size of the thymus, which, although as a rule large at this stage 
of development, appears in the present case to be markedly so; the left 
lateral deviation of its caudal extremity is also a point worthy of note. 
The presence of isolated lobules of this gland suggests a possible origin of 
these from some of the higher branchial clefts. 

(ii.) The deep notching of the auricular appendices in the heart is a feature which 
seems very striking upon opening the pericardial cavity. One other point 
also, viz. the well-marked interventricular furrow, is a characteristic which 
becomes more marked as development proceeds, the external subdivision of 
the ventricular portion of the heart giving it in the full-grown seal an 
almost bifid appearance. 

(iii.) The great longitudinal extent of the liver, an organ occupying at this stage of 
development a relatively large proportion of the abdominal cavity. 
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(iv.) The peculiar shape of the urinary bladder. According to Heppurn,* the 
bladder in the adult seal is represented by the whole length of the foetal 
organ, since no shrinkage takes place in the cephalic portion to form a 
definite urachus. 


B. General Topographical Anatomy of the Head. 


I. The oral, nasal, and cranial cavities, with their contents (Pl. XX.). 

A median sagittal section of the head was made, so that the oral, nasal, and — 
cranial cavities were laid bare; whilst, in order to expose the contents of the nasal 
fossze, the nasal septum was subsequently removed. 

Rudiments of the incisor milk-teeth were cut through in the upper and lower 
jaws, and the surface of the mesial section of the hypophysis cerebri exposed, the 
hypophysis lying in the sella turcica of the developing sphenoid bone at the base of 
the skull (Pl. XX. fig. 3°). } 

Other points worthy of note in such a hemisection of the head are :-— 


(a) The elongated tongue (PI. XX. fig. 3°). 

(b) The falx cerebri, covering the mesial surface of the right cerebral hemisphere 
(Pl. XX. fig. 3°); about the middle of the concave edge of the falx the 
corpus callosum is seen in section (Pl. XX. fig. 3.) 

(c) The optic thalamus (Pl. XX. fig. 3°) continued posteriorly into the 
mesencephalon and pons; dorsal to these latter, the Sylvian aqueduct with 
its roof, in which the rudiments of the corpora quadrigemina (fig. 37) 
are to be made out; posterior to these are seen the mesial section of the 
cerebellar vermis, and, ventral to this, the 4th ventricle and medulla 
oblongata (Pl. XX. fig. 3°%**). 

(d) The cavity of the 8rd ventricle, with its extension into the infundibulum of 
the hypophysis. 


After the removal of the falx cerebri and nasal septum, the following additional 
structures come into view :— 


In the cranial cavity (Pl. XX. fig. 5) :— 


(ce) The mesial surface of the cerebral hemisphere (h.). 

(f) The olfactory lobe (olf. U.), lying between the fore-brain and the anterior 
boundary of the cranial cavity: the lobe is not a large one, and does not 
appear to give off many nerve-filaments to the ethmoidal region of the 
nasal fossa. 


In the region of the nasal fossee :— 


(g) The rudiment of the ethmo-turbinal bone (eth. t.) lying at the superior angle; 
this rudiment, which at the present stage is cartilaginous, shows three ridges 
* Trans, Roy. Soc. Edin., vol. xlviii. part i., No. 3, 1913. 
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with two intervening depressions, and represents the olfactory region of the 
nasal fossa. 

(h) The large maxillo-turbinal rudiment (mz. t.), presenting upon its mesial 
surface a number of narrow lamelle with intervening sulci: it is carti- 
laginous and is covered by a mucous membrane lined by ciliated epithe- 
lium. Anteriorly the maxillo-turbinal bone is attached to the outer wall 
of the fossa, whilst posteriorly it fuses by an elongated pedicle with the 
periosteum of the base of the skull. 


The buccal cavity is lined by a mucous membrane covered by stratified epithelium 
with but few cell-layers. At the present stage of development, the membrane bones 
of the cranial vault are partially ossified, but the bones of the base of the skull (basi- 
sphenoid, basi-occipital) are still partly cartilaginous ; the sphenoid bone (see text-fig. 
3, 6) is in the “irruption”-stage of endochondral ossification, the process being seem- 
ingly delayed by the rather late persistence of the epithelial connection between the 
hypophysis cerebri and the buccal epithelium.* 

The brain.—General superficial anatomy (Pl. XX. figs. 1 and 2). The brain of 
the present specimen shows some very well-defined characters, and on the whole 
may be said to conform to the mammalian type: viewed from the dorsal aspect 
(Pl. XX. fig. 1), the following features are obvious :— 


(i.) The large cerebral hemispheres separated by the longitudinal sulcus in which 
the falx cerebri is normally lodged. 

(ii.) Behind the hemispheres, the crura cerebri and region of the mesencephalon, 
covered by fragments of torn pia mater. 

(iii.) The cerebellum, consisting of the mesially situated rudiment of the vermis, 
and on either side of this the cerebellar hemisphere: the latter already 
present a number of flattened laminze with intervening sulci. 

(iv.).The 4th ventricle in its lower half, with the restiform bodies bounding it 
on either side ; the floor of the ventricle is seen owing to previous removal 
of the roof of pia mater. | 


The surface of each cerebral hemisphere is quite smooth upon its superior aspect, 
and shows no indications as yet of any convolutions. 
Viewed from the side, several additional features become apparent, viz. (Pl. XX. 
no 2) — 
(v.) The olfactory lobe, and its connection with the ventral part of the fore-brain. 
(vi.) A wide shallow depression passing from the lower aspect of the fore-brain 
upwards and backwards towards the hind-brain (future occipital lobe) : 
this depression indicates the position of the future Sylvian fissure (Pl. XX. 
fig. 2°), and ventral to its posterior extremity a forward extension of the 
hemisphere represents the rudimentary temporo-sphenoidal lobe. 
* See also P. T. HERRING on “Development of Mammalian Pituitary Body,” Journ. Exper. Physiol., 1909, 
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Upon the ventral aspect, at the base of the brain, the infundibulum forms a down- 
ward projection from the floor of the 3rd ventricle (Pl. XX. fig. 2°), whilst half way 
between the infundibulum and a projection which marks the position of the ventral 
part of the pons the 3rd nerve forms a noticeable feature (Pl. XX. fig. 2*). 

Additional features to be made out in a sagittal section taken through a cerebral 
hemisphere, the optic thalamus and mid- and hind-brain (Pl. XX. fig. 4) :—In such 
a section the general relations of the various regions of the brain may be studied to 
a certain extent, and, moreover, by stainmg with hematoxylin and eosin the main 
distribution of grey and white matter at this stage of development may be made out. 
The cortex cerebri (Pl. XX. fig. 4*°) is made up of two parts, viz. :-— 


(i.) A superficial layer of white fibres and neuroglia, forming a very narrow zone 
(PIX aa?) 

(ii.) A deeper layer of deeply-staining nerve-cells, with neuroglia, of somewhat 
wider extent than (1.). 


Deep to the cortex comes the white matter of the hemisphere, which is at this 
stage not very thick. A section taken so as to pass completely through the cavity of 
the prosencephalon shows in addition an inner layer, somewhat deeply stained, 
which later on will form the ependymal lining of the lateral ventricle. 

Below the main mass of the hemisphere, part of the descending horn of the lateral 
ventricle is seen (Pl. XX. fig. 4"), and this becomes continuous anteriorly with 
the rhinencephalon, passing into the olfactory lobe. The anterior boundary of the 
descending horn is formed by a layer of grey matter, which above takes the form of 
radiating streaks, alternating with white matter. 

In the region of the optic thalamus, small isolated patches of grey substance 
appear near the dorsal surface, but in the region of the corpora quadrigemina white 
matter seems as yet to predominate. 

The grey matter of the cerebellar hemisphere appears to he chiefly on the surface, 
but there is a deeper zone of small nerve-cells, the two layers being separated by a 
clear zone of white matter: the cells of Purkinje do not as yet appear to have become 
differentiated as a distinct line of neuroblasts. In the region of the medulla oblongata, 
the nuclei of the 10th and 12th cranial nerves form a series of groups of rather large 
nerve-cells (Pl. XX. fig. 4"); whilst the pyramidal tract appears as a well-defined 
longitudinal set of fibres. 

The infundibulum, with a small portion of the cavity of the 3rd ventricle, has been 
already noted; the ventral mass of the pons is a very obvious feature lying just 
anterior to the medulla (Pl. XX. fig. 4). 

A fold of pia mater (Pl. XX. fig. 4°) shows between the overhanging posterior 
extremity of the cerebral hemisphere and the mesencephalon, whilst in the deep 
fissure anterior to the optic thalamus a small piece of choroid plexus appears. 

Points for comparison with the brains of other carnivora are the following :— 
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(a) The relative shortness of the corpus callosum, a structure which, for instance, in 
the cat, at a corresponding stage of development has assumed a much longer 
antero-posterior measurement; moreover, it would seem that in this Seal 
embryo the corpus callosum is taking a more vertical course than is usual. 

(b) Altogether the general appearance and stage of development of the brain under 
discussion corresponds very closely with one figured by His* of a three- 
months human foetus, with the exceptions that the hypophysis cerebri is 
much further advanced (see infra) and the cerebellum has assumed greater 
complexity. 


C. Anatomical Details of the Remaining Viscera. 


The thyroid and parathyroids, the thymus, pancreas, and tongue, will be described 
under the histological section of this pamphlet ; in the present instance the following 
organs will be considered, and comparisons made with other types, where this is 


possible :— 
(i.) The lungs. 
(ii.) The heart. 
(iii.) The liver, stomach, and intestines. 
(iv.) The spleen. 
(v.) The kidneys and adrenal bodies. 
(vi.) The genital glands and ducts: the urinary bladder. 


The histology of some of these will be dealt with later. 

(i.) The lungs (Pl. XXI. fig. 3)—Both lungs are somewhat compressed against 
the thoracic walls, owing to the large size of the heart, and it is only upon removing 
the latter organ that a good view can be obtained of the roots of the lungs and their 
ventral aspect; posteriorly the inner margins of the upper and lower lobes of both 
lungs are grooved longitudinally by the vertebral column, whilst laterally the surfaces 
of all the lobes are grooved by the ribs. 

In the right lung, three lobes, upper, middle, and lower, can be distinguished + ; 
the middle lobe is peculiar in that at the root it gives off two caudally directed 
subdivisions, the largest of which is almost a separate lobe, and presents dorsal, 
right lateral, and anterior surfaces (Pl. XXI. fig. 3 a). The cranial and caudal lobes 
of both lungs are somewhat similar in shape, the caudal lobes being the larger, being 
not unlike the corresponding lobes of a human lung. Marked trabecule of con- 
nective tissue are to be seen upon the surfaces of all lobes, with finer strands passing 
off in all directions, and these subdivide the surface into polygonal areas, the bases, 
as it were, of the superficial lobules; on being placed in water the lungs sink. 

At the root of the lung the bronchi and pulmonary vessels are seen entering (or 


* Hertwie, Handbuch der Entwickelungslehre der Wirbeltiere. 
+ The terms “upper,” etc., are here used with reference to the vertical position of the trunk, and not the natural 
position of the adult animal. 
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emerging from) the upper lobes, the bronchi being dorsal to the pulmonary arteries, 
although the left bronchus is much closer to the artery than the left. 

(ii.) The heart (Pl. XX. fig. 2 and text-fig. 1).—All four cavities of the heart 
contain firm clot, which extends into the auricular appendices; on section in the 
coronal plane, the cavities of the auricles appear to be larger than those of the 
ventricles, whilst the auricular appendices add considerably to the auricular capacity. 
Moreover, although from the ventral aspect the right ventricle appear larger than 
the left, there is not the same relative difference between the capacities of the 
ventricles, both appearing to possess much the same size in median coronal section ; 
the thickness of the myocardium is rather greater in the left than in the right 
ventricle, that of the auricles being about equal on both sides. The aortic bulb is 


Fic. 1.—Dissection to show the relations of the aortic trunk, pulmonary trunk, and ductus arteriosus. 


L.V. Left ventricle in section. R.S. Right subclavian. 
R.V. Right ventricle in section. AO. Aorta. 

B.AO. Aortic trunk and bulb. P.A. Pulmonary artery. 
IN. Innominate trunk. D.A. Ductus arteriosus. 


R.C. Right common carotid. 


The dotted lines show the connection of the pulmonary trunk with the right ventricle ; 
the lumen of the aortic bulb is opened, and two semilunar valves are seen. 


full of firm clot, and passes at once into a relatively short but thick aortic arch; the 
pulmonary trunk shows the same relations to the aortic trunk as it does in the case 
of the human foetus of a corresponding stage of development, whilst the ductus 
arteriosus is relatively wide and is a continuation of the main pulmonary trunk after 
the latter has given off the two branches to the lungs (see fig. 2). The ductus joins 
the arch of the aorta close to the origin of the latter from the bulbus aorte. 

The cardiac valves are well developed, the semilunar valves consisting of thin 
plates of fibrous tissue, the free edges of which project into the aortic and pulmonary 
trunks, whilst the mitral and tricuspid valves have their free edges projecting into 
the ventricular cavities. The columne carne are not marked features, nor do the 
chord tending appear to be strongly developed at this stage. 
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Serial sections taken coronally through the heart show that the foramen ovale is 
a feature at this phase, but the aperture is a very narrow one, and will not admit a 
glass seeker of more than 1 mm. diameter. 

From the above description it will be seen that the heart of Stenorhynchus during 
early foetal life corresponds more or less closely with the typical mammalian organ 
in its developmental aspects; the interventricular furrow, however, is a marked ex- 
ternal feature, and during development, at least in the Weddell Seal, it becomes 
deeper, so that the full-grown heart possesses a bifid apex, the tips of the two 
ventricles being separated by a deep notch.* 

(iii.) The liver, stomach, and intestines (Pl. XXI. figs. 1 and 5).—In some respects 
the liver of this specimen shows characters similar to those of the human fceetal organ, 
but the accessory lobes, and the clefts which produce these, are to a certain extent 
atypical ; thus the right lobe shows from the ventral aspect a fissure which passes 
obliquely inwards from the lateral surface, but this fissure is not seen from behind, 
as it extends for only a short distance into the substance of the lobe. 

From the dorsal aspect (Pl. XXI. fig. 5) it appears that the left lobe is the bulkier 
of the two, and the inner surface of this lobe shows depressions corresponding to 
the ventral surface of the stomach, a small area of the spleen, and anteriorly the 
cesophagus and vena cava; the inner surface of the right lobe shows dorsally de- 
pressions corresponding to the numerous subdivisions of the right kidney, whilst the 
lateral aspects of both lobes are grooved by five or six of the posterior ribs. In the 
middle line ventrally the umbilical vein (Pl. XXL. fig. 5, lv.) forms a thick cord, 
passing towards the ductus venosus. 

The gall-bladder is not seen from the dorsal aspect except when the lobes are - 
widely separated, when it appears as an elongated sac, deeply embedded in the deep 
surface of the right lobe, the fundus presenting ventrally in the small opening noted 
in the topographical description (see supra). 

Certain accessory lobes show up when the two main lobes are separated from one 
another: these may possibly be the homologues of the Spigelian and quadrate lobes 
of the human organ, but their relations are somewhat different. 

The main points for comparison to be noted in this organ are :— 


(i.) The relative longitudinal extent of both lobes, this being distinctly greater 
than is the case with most other carnivora. 


(ii.) The small accessory flap guarding the aperture in which, ventrally, the fundus 
of the gall-bladder is to be seen. 


(iii.) The large volume of the abdominal cavity, occupied by the whole liver, at a 
stage when other abdominal viscera have assumed a relative importance 
in size. 

The stomach and intestines (Pl. XXI. fig. 1) are seen from the ventral aspect, after 


* See Hupzurn, Trans. Roy. Soc. Edin., vol. xlviii., 1913. 
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removal of the liver, by which organ they are largely concealed; the stomach is 
placed with its long axis nearly parallel to the long axis of the foetus, and possesses 
a well-marked cardiac extremity lying with its fundus pressed against the diaphragm, 
and a pyloric end which is narrow and passes by a sharply curved portion into the 
first part of the small intestine. The lesser curvature of the stomach looks towards 
the ventral aspect, the greater curvature and fundus are dorsally situated, whilst 
a peritoneal fold, the representative of a great omentum, is attached to the whole 
length of the larger curvature; the lesser curvature and the duodenum have 
passing between them a narrow peritoneal sheet, which holds up the duodenum so 
that its first part runs parallel with the stomach. 

The stomach is an inch and a half in length, and at its cardiac end is joined by 
the cesophagus, the latter being a somewhat wide tube, two inches long and quarter 
of an inch in diameter. | 

The first part of the small intestine (duodenum) makes three bends, and possesses 
four distinct portions, the first of which is parallel with the smaller curvature of the 
stomach, whilst the second, third, and fourth divisions enclose a portion of peritoneum, 
between the layers of which the pancreas is held in position. The coils of small 
intestine proper are already many in number, and their general arrangement may be 
made out by reference to Pl. XXI. fig. 1. 

With regard to the large intestine, the position of the czecal pouch is noteworthy : 
this pouch is placed opposite the level of the third bend of the duodenum, being con- 
nected with the latter by a short fold of peritoneum. No sign of a vermiform ap- 
pendix is to be made out; as a matter of fact, this organ is not seen in the full-grown 
animal.* 

(iv.) The spleen (Pl. XXL. fig. 6) has a situation upon the left side of the abdomen, 
parallel to the greater curvature of the stomach and attached to this by a fold of 
peritoneum ; in thickness this organ does not measure more than one-eighth of an inch, 
but in length exceeds two inches. There are no notches in either its ventral or its 
dorsal edge, and the hilus occupies a large proportion of a ridge forming its inner 
margin which lies close to the stomach ; the outer surface of the spleen is grooved 
by two or three of the posterior ribs. 

(v.) The kidneys (Pl. XXI. fig. 4).—These organs are somewhat elongated oval 
bodies lying low down at the back of the abdominal cavity and close to the middle 
line; each kidney belongs to the type common to the Pinnipedia, viz. the per- 
manently subdivided type, where the organ is made up of a large number of anatom1- 
cally distinct renal pyramids,{ the secreting tubules of which open into a common 
pelvis, from which latter a ureter conducts the secretion to the urinary bladder. 

In this specimen there are in each kidney about two hundred and forty small 


* Herpourn (Trans. Roy. Soc, Hdin., vol. xlviii. part i., No. 3, 1918) regards the cecal diverticulum as a combined 
cecum and vermiform appendix. 
+ “Renculi” of German authors. 
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raised areas, circular in contour, representing the bases of the renal pyramids: these 
are mostly uniform in size, but some, smaller than the majority, lie rather below the 
general surface. A mesial coronal section of the kidney passes through many of 
the pyramids and also opens up the calyces and pelvis; according to CHIEVITZ,™ a 
certain amount of reduction takes place during development, so that whereas in certain 
instances about two hundred calyces may be present, in the full-grown animal only 
one hundred and forty remain, the reduction apparently commencing in those of the 
6th and 7th order of origin. 

The ureter emerges from about the middle of the inner and dorsal margin of the 
kidney, and passes down parallel to the mid-line, crossing the Millerian ducts dorsally at 
right angles, and finally opens dorsally into the lower segment of the bladder; the 
hilus of the kidney from which the ureter emerges and into which the renal vessels 
pass is not a marked feature. The “pelvis” mentioned above is also but little 
developed, since the ureter divides almost at once into two main branches, the latter 
undergoing further subdivision in the kidney until the final divisions are reached 
close to the surface of the organ in the cortical zone of each renal pyramid. 
Hach kidney measures about one inch by half an inch. The adrenal bodies (Pl. XXI. 
fig. 4) are small reniform structures lying one on each side just anterior to the 
kidney ; there is a loose connection with the latter organ by means of a peritoneal 
band. In actual shape the adrenal is a flattened pyramid with a convex base facing 
outwards and ventralwards, whilst the hilus is placed at about the middle of the 
inner, or rather dorsal, edge, close to the vertebral column ; the length of each gland 
is half an inch, and the breadth one quarter inch. Some points in the histology of 
both the kidney and the adrenal gland will be described later. 

(vi.) The genital glands with their ducts (Pl. XXI. fig. 4) are in the present 
specimen already sufticiently established to be able to determine the sex of the animal 
—1.e. they are ovaries, and the Fallopian tubes pass from the outer ends of the glands 
to fuse in the middle line dorsal to the bladder and ventral to the rectum, and from 
the rudimentary uterus; the outer ends of the Fallopian tubes are dilated to form 
large ampullz for the reception of the ova, and these ampulle lie ventral to the 
outer pole of each ovary. 

Hach gland is an ovoid body lying obliquely from without backwards and inwards 
just behind the posterior pole of the kidney ; from its anterior extremity an elongated 
narrow muscular band, the diaphragmatic ligament of the mesonephros, passes 
towards the diaphragm and becomes attached to the dorsal wall of the abdomen. 

The urinary bladder (Pl. XXI. fig. 4°) is an elongated organ attached above by a 
patent allantoic duct to the umbilicus ; on transverse section, three apertures are seen 
—a median one, the bladder, and two lateral, the lumina of the umbilical arteries. 
The latter are passing to the umbilicus from their origin in the aorta. 

The bladder opens into the cloaca by a transversely elongated slit-like aperture, 


* Archiv Anat. u. Embryol., Supplement, 1897. 
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and the ureters are to be seen opening into the bladder laterally upon its dorsal 
aspect ; it is noteworthy that in the seals the bladder is represented by the entire 
intra-abdominal extent of the allantois.* 


Summary of the Anatomical Features. 


From the foregoing description it will be readily gathered that the Sea-Leopard 
Seal, during the middle phase of fcetal life, presents fairly typical embryological 
features; the age of the present specimen can hardly be worked out with any 
approach to accuracy, but it may be stated that the stage of development of most 
of the organs would place the foetus at about the end of the first third of intra- 
uterine life. The exact period of gestation of seals is, however, somewhat difficult 
to determine owing to the peculiar habits of mating which these animals have, so 
that the above estimate should be accepted with some reservation. 

In summarising the main anatomical features, it is possible to pick out the 
following more obvious characters :— 


(a) In the brain: firstly, the relatively advanced stage of the cerebellum, the 
hemispheres of this portion showing distinct evidence of folds and sulci 
which are not to be made out in a three-months human feetus; secondly, 
the comparatively advanced development of the pituitary body, a feature 
which will be more readily appreciated when the histology of the hypo- 
physis is considered (see infra). 

(b) In the heart: the most prominent feature is the late persistence of the bulbus 
aortee, whilst the peculiar shape of the auricular appendices is also worthy 
of note. 

(c) In the lungs: the possession of an accessory lobe by the right lung, and the 
relative size of these organs, which are certainly large, are points of com- 
parative value. 

(d) Other points which may be emphasised are the large size of the thymus and 
the left-sided deviation of this organ, the apparent absence of a thyroid 
isthmus, and the large size of the lowest parathyroids ; in connection with 
the alimentary tract, the forward position of the czecal diverticulum and 
the great length of the lobes of the liver. The kidneys are noteworthy on 
account of their surface lobulation into numerous renal pyramids, whilst 
the adrenal bodies do not lie directly upon the anterior poles of the kidneys. 
Moreover, the adrenals are relatively much smaller than is.the case with 
these bodies in the human foetus at a corresponding stage of development. 

Lastly, certain external characters, such as the absence of an external ear and 
the protruding bifid tip of the tongue, are features so obvious as to need 
no further comment. 


* Hepsurn, Trans, Roy. Soc. Hdin., vol, xlviii. part i., No. 3, 1913. 
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SECTION IL. 


AN OUTLINE OF THE MiIcROSCOPICAL ANATOMY OF SOME OF THE ORGANS. 


The histological characters of certain of the viscera were examined in this foetus, 
and in a few instances, viz. kidney and pituitary body, were found interesting from 
the point of view of the histogenesis of their essential secreting portions. The 
following account must, however, be looked upon as purely descriptive in character, 
since from the mere observation of features presented by a single specimen at one 
stage of development it is hardly possible to formulate a complete account of the 
histogenesis of any one organ. 

(i.) The thyroid and parathyroids (see Pl. XXI. fig. 2).—The lateral lobes of the 
thyroid gland are situated rather far forward in the neck region, reaching the level 
of the lower border of the cricoid cartilage ; each lobe measures about half an inch 
in length. The largest parathyroid is the posterior one, and is placed upon the 
mesial surface of the thyroid at the ventral and posterior angle of the lobe. The 
anterior parathyroid is quite small, and is found about the middle of the dorsal 
margin of the lateral lobe. 

In minute structure the thyroid is seen to be made up of a large number of small 
vesicles, some of them showing evidence of recent origin from branched tubular 
columns of cells, and in some of them colloid is already to be detected ; the vesicles 
are lined by a cubical epithelium, and there is a small amount of interstitial connec- 
tive tissue, but no sign of a basement membrane outside the epithelium. The whole 
lobe is subdivided into relatively few rather large lobules by coarser trabecule of 
connective tissue which are given off from the inner surface of a rudimentary 
capsule which surrounds the lobes. Blood-vessels are fairly numerous, the larger 
branches being supported by the coarser trabecule of connective tissue lying 
between the lobules. 

The parathyroid (Pl. XXI. fig. 2, p.th.) shows a quite typical structure: it is 
enclosed by a capsule of somewhat open connective tissue, which gives off trabeculee 
passing into the interior of the gland. The essential secreting cells occur in the form 
of folded columns of cuboidal or polyhedral cells, whilst these columns are in close 
apposition to the blood-channels, the latter being at this stage lined by a definite 
endothelium ; the latter, however, is not so marked a feature as it is in the blood- 
channels occurring in the pars anterior of the pituitary body of this foetus. 

(ii.) The thymus shows on section and microscopical examination a number of 
lobulated masses of lymphoid tissue supported by a framework of open connective 
tissue in which run a few rather large blood-vessels; here and there in the actual 
substance of the lymphoid masses there occur a few areas which appear clearer and 
which probably represent the remains! of the original lumina of the epithelial tubules 
from which the gland arises, 
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The accessory portions of the thymus, noted in the general description of the 
viscera as being isolated from the main mass, are in all probability derived from the 
2nd branchial cleft, and do not fuse with the portions derived from the 3rd and 4th 
clefts. 

GROSCHUFF and VERDUN state that the thymus in carnivora arises invariably from 
the 3rd and 4th clefts, but in the rabbit, according to VeRpuN, additional parts may 
arise from the 2nd cleft.* In the present instance, paired accessory portions were 
found lying dorsal to the sterno-mastoid muscle on either side of the trachea, and 
these on examination showed a typical thymus structure. 

The lymphoid nodules of the thymus present a more or less uniform density with 
the exception of the occurrence of the above-mentioned clearer areas, and no sub- 
division into cortex and medulla is as yet obvious; nor are any corpuscles of 
Hassall to be observed. 

(iii.) The lungs (Pl. XXII. fig. 3)—Microscopical examination reveals in these 
organs a structure entirely comparable to that of a compound tubular gland, the 
branching tubules of which he embedded in connective tissue; the latter exists in 
large amount and is of a fibro-cellular character. The epithelium lining all of the 
ramifications of the bronchi is of the high columnar type, with the nuclei lying next 
the basement membrane, whilst immediately outside the latter there is seen a fairly 
wide zone of tissue, more densely cellular than the true interstitial connective tissue ; 
this denser zone is the anlage of the fibro-muscular and elastic coats of the bronchioles. 

The epithelium of the branching tubules is ciliated, and it is only during later 
stages that the cilia disappear in those portions of the bronchioles where the latter 
expand into the infundibula and alveoli; at the present stage, although in some places 
the tubules appear to widen out into sac-like expansions, the epithelium remains of 
the ciliated variety, since no true alveoli with air-sacs are as yet developed. 
The interstitial connective tissue, which during later stages becomes compressed 
and relatively diminished in amount by the preponderating development of the 
alveoli, contains some large blood-vessels, but these are as yet relatively few in 
number. 

(iv.) The pancreas (Pl. XXII. fig. 5).—The histological features presented by this 
gland are quite typical: branching tubules supported by a fine meshwork of con- 
nective tissue, the whole enclosed by a capsule of somewhat open character, from 
which trabecule pass into the substance of the gland. The tubules are lined by 
columnar epithelium, but there is as yet no definite basement membrane;f the 
lumina of the developing alveoli are quite small. The blood-vessels are quite small 
and apparently not very numerous at this stage; no signs of any cell-groups com- 
parable to islets of Langerhans are to be detected, but probably it is too early for 


* See Hertwic, Handbuch der Entwickelungslehre der Wirbeltrere, 1906. 
+ The connective tissue appeared to have shrunken away from the tubules, leaving a considerable space between the 
two (see fig. 5), 
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these to have been formed. When a section of the pancreas stained with heema- 
toxylin is examined, it appears that the cells lining the alveoli are not characterised 
by the deeply-staining outer zone which is so marked a feature in the pancreas 
of the armadillo; moreover, the nuclei lie at the outer or attached borders of 
the cells. 

(v.) The spleen.—In minute structure, the spleen presents the following features :— 


(a) Externally, a somewhat dense fibrous capsule, in which also unstriped muscle 
cells are undergoing development. 

(b) Trabeculee passing from the capsule into the substance of the gland, and 
forming a network in the interior: near the surface some large arteries 
may be seen passing in, more especially in the vicinity of the hilus, and 
corresponding venous branches are emerging. 

(c) The bulk of the organ is made up of a mass of erythrocytes, erythroblasts, 
and lymphocytes; here and there cells suggesting the splenic cells of the 
adult organ may be seen, but giant-cells are apparently not present. A 
section taken through the splenic artery and vein with the blood contents 
of these vessels shows quite clearly that the vein contains many more 

lymphocytes than the artery, a feature which indicates that the lymphoid 
function of the spleen is already established ; whilst the presence of ery- 
throblasts in fairly large numbers in the spleen-pulp leads to the inference 
that heemogenesis is also a splenic function at this stage—a point which 
is well established in the case of the rabbit and some other mammals. 


No Malpighian corpuscles are to be seen in a section of the organ, but in some 
places the lymphocytes seem to be more densely aggregated than in others, with an 
indication of a small artery in their neighbourhood : these masses are not, however, 
well defined. 

(vi.) The kidneys and adrenal bodies (Pl. XXII. figs. 1 and 2).—At this stage the 
kidney presents histogenetic features which correspond fairly closely with those seen 
in the kidney of a four-months human foetus; that is to say, each renal pyramid 
when sectioned in a plane passing through the cortex and the apex of the papilla is 
seen to be made up of the following parts :— 


(a) A cortical zone, in the outermost layer of which are to be seen the di- 
chotomously branched endings of the tubules derived from the ingrowth 
into the metanephros of the diverticulum from the Wolffian duct ; in many 
of them the ampullary portions are continued into a coiled tubule—cut 
across many times and in various planes—the first or proximal convoluted 
tubule. At a somewhat deeper region of the cortex, the first set of 
Malpighian capsules are to be seen, these being relatively large as com- 
pared with those arising later: no sign of Henle’s tube is as yet evident, 
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since no downgrowth has occurred from the convoluted tubule to form 
the loop.* 

(b) A deep zone, in which as yet connective tissue preponderates, and through 
which course the branching tubes derived from the Wolffian diverticulum ; 
these tubules possess wide lumina, and are lined by a clear cubical epi- 
thelium. They represent the rudiments of the straight and collecting 
tubules, those nearest the papilla becoming later on the ducts of Bellini ; 
in the Phocidee, according to Cu1Evirz,} many of the secondary and tertiary 
branches of the Wolffian diverticulum disappear during development. 


The epithelium lining the convoluted tubules of the cortical zone is clear and 
cubical, the nuclei stainmg but feebly with basic stains: the portion of the tubule, 
however, which joins the ampulla is lined by smaller cells, the nuclei of which stain 
deeply. The glomerulus in each Malpighian capsule is a well-developed capillary 
tuft with already an indication of lobulation. 

Between the renal pyramids and supporting them there is a certain amount of 
connective tissue (columns of Bertini) in which small blood-vessels are seen cut across 
(capsular vessels of later stages). 

The adrenal bodies (Pl. XXII. fig. 2).—Relatively speaking, the adrenals are much 
smaller than one would expect at this phase of development, but their histogenetic 
features are none the less instructive: each gland is enclosed in a capsule of connec- 
tive tissue in which course branches of the adrenal artery and vein, whilst smaller 
vessels (arterial) pass at right angles to the surface into the gland, being supported 
by the fine septa which are given off from the inner aspect of the capsule. 

The substance of the adrenal is made up of the following parts :— 


(a) An outer zone, the commencing zona elomerulosa, composed of folded columns 
of small cuboidal cells. 

(b) A wide intermediate zone composed of anastomosing broad columns of large 
polyhedral cells: this is the developing zona fasciculata, amongst the 
columns of which ramify the small vessels noted above as passing in from 
the capsule. The cells of this zone are characterised by their small clear 
nuclei, and their deeply-staining cytoplasm, which takes up eosin very 
readily. 

Throughout this zone are scattered small masses of rounded cells, with deeply- 
staining nuclei, the sympathetic ganglion rudiments. These are aggregated 
in larger masses in the central region of the gland, where they form the 
anlage of the medulla. In the medullary region the blood-channels are 
wide, and as yet are lined by a well-defined endothelium. 


* Curevirz (Archiv Anat. u. Embryol., Supplement, 1897) found Henle’s tubule present in an embryo of Phoca, 
145 mm. in length. The present foetus is only 122 mm. in length. 
+ Op. cit. 
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Compared with mammals, such as the pig, the adrenal of this Seal appears to 
be somewhat behindhand in the relative rate of its development; thus, in a pig 
embryo of 119 mm. the medulla is well defined, and most of the sympathetic 
derivatives are confined to it alone; but in a pig embryo of 70 mm. the histology of 
the gland is much as has been described above.* 

(vii.) The genital glands (Pl. XXII. fig. 4).—As has been noted, the genital glands 
in the present instance are ovaries; each ovary has a well-defined histological appear- 
ance, and it is possible to recognise— 


(a) An outer layer of rather high cubical epithelium. 

(b) A wide cortical zone composed of masses of rounded cells or primordial ova 
(some of these being considerably larger than others, and forming potential 
ova which will later become surrounded by a follicle of smaller cells to 
form the commencing Graafian follicles). Between the ova a good deal 
of fibro-cellular connective tissue is to be seen, and this forms a dense 
interlacing network supporting the ege-cells. 

(c) Deep to the above cortical zone comes a layer of fibro-cellular stroma, com- 
parable to the tunica albuginea of the testicle, but having a relatively 

different position in the gland. 

(d) A central portion, composed for the most part of dense stroma, with here and 
there masses of ova, which are the remains of the so-called medullary 
cords of somewhat earlier stages. 


In the mesovarium, which forms a wide peritoneal band of attachment, there are 
to be seen mesonephric tubules and glomeruli, whilst at the point of attachment of 
this band to the ovary there are some tubules, supported by stroma, forming the 
rete ovaril. 

The above histological appearances correspond closely with those to be seen in 
the ovary of a cat embryo of 94 mm.;{ no signs of developing Graafian follicles are 
to be seen, as the follicular epithelium has not as yet been formed round any of the 
larger ova. 

(viii.) The placenta (Text-fig. 2).—The details of the placenta and placentation 
have been acquired in the present instance from the study of a specimen lent to the 
author by Professor WarErston of King’s College, London; this specimen shows a 
foetus of the Weddell Seal, a closely allied species, a setu in the uterus, with the 
membranes in their proper relative position with regard to foetus and placenta.{ The 
relations of the amniotic sac to the foetus and umbilical cord are such that the 
former appears to be enclosed in a small complete sac, which is quite closed towards 
the ventral aspect of the embryo, the umbilical cord upon reaching the line of 
closure dividing up into a number of branches each containing twigs from the 

* See HERTWIG, op. cit. + Figured by Comrz, Inaug. Dissert., Leiden, 1898. 


{ Figured in Sir Wini1am Turner’s Catalogue of Marine Mammals. 
TRANS. ROY. SOC. EDIN., VOL. L. PART I. (NO. 8). 34 
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arteries and vein. The amnion then spreads out on either side of the line of closure, 
the resulting folds passing anteriorly, posteriorly, and laterally to the margins of the 
placenta, over which it then spreads, covering the foetal surface of that structure. 
The branches of the umbilical arteries and vein are conducted by the above-mentioned 
folds to the margins of the placenta, and finally divide up into numerous twigs which 
enter the substance of the chorion. 

The placenta itself is of the zonary type, occupying a median zone of the uterus: 
its histology corresponds very closely with the descriptions of GrossER™ and Duvau 
for the zonary placentee of the cat and bitch, with the exception of certain minor 


OD 
ew 
RN RoHS 


AWC 
6&6 SST iB 
42 ao “OS fp be 
olfOu] 2 } e\acca 
GE o8 @ WY \ A Ya| 
Zl xe rokhenemecse wall 
OAL oes 6 Q Ghp i NY a> 
Uy 0 Gab noo Ch S| [XS 
Ld hip € £80 Go a NCE, 
Z 7208) EN 
OX sg 8 00 § e 
BR 0D bre 
oso 


Fic. 2.—A portion of a transverse section of the uterine wall and placenta of the 
Weddell Seal. (Semi-diagrammatic. ) 


m. Muscle layers of uterine wall, 1. Lumina of glands containing secretion (em: 
b, Maternal blood-vessels. bryotrophe of Grosser). 
e, Epithelium lining uterine glands. tr. Interglandular fastening septum. 


v. Villi of placental labyrinth. 


The fcetal blood-vessels exist in considerable numbers in the villi, but are not represented in the figure ; 
the fetus contained in the above uterus had undergone about one-third of its development. 


details. Thus we find that a vertical section taken through the placenta and uterine 
wall presents the following main features (fig. 2) :— 


(a) A sheet of amnion (not shown in the figure) covering the foetal surface of the 
numerous “ cotyledons” of the placenta. 

(b) The foetal portion of the placenta, composed of the rather wide laminz of the 
so-called “ placental labyrinth” + between which mesodermic tissue lies ; 
the sheets of this labyrinth are made up of a syncytium (derived from 
the trophoblast of earlier stages) which encloses and surrounds large 


* Vergleichende Anat. und Entwickelungsgesch. der Hihaute wu. Placenta, 1909. 
+ See GROSSER, op. cit. 
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numbers of fcetal capillaries, whilst maternal vessels of rather wider 
calibre lie in the mesodermic septa and become at times surrounded by 
portions of the syncytium. 

(c) A zone in which an invasion of the superficial gland-layer of the uterine 
mucosa has taken place, the syncytium of the villi having at an earlier 
phase converted the uterine epithelium into what GrossErR terms a “ sym- 
plasma,” and becoming as it were welded with the mucosa at numerous 
points; the partitions between the glands become also fixed to other 
villous tufts. 

(d) A deeper layer which comprises the bases of the uterine glands, and lies 
next the uterme muscle. The muscular coat, which is in the present case 
thin, contains large branches of the maternal blood-vessels, and these, 
where the interglandular septa pass to become fixed to the syncytium 
of the villi, pass into the mesoderm lying between the lamelle of 
the placental labyrinth. 


It appears that zone c noted above (so-called “umlagerungszone” of STRAHL and 
GROSSER) is, during the earlier phases, of the greatest importance in establishing the 
connection between the uterine epithelium and the syncytium of the villi; a further 
action of the syncytium is to convert some of the decidual cells lying between the 
uterine glands into trophoblastic masses not unlike the invading syncytium itself. 

During earlier stages, stress is also to be laid upon the probability that the 
secretion of the uterine glands serves as an additional source of nutriment (‘‘ embryo- 
trophe”) to the foetus. 

From the above account it will be seen that there is a considerable histological 
similarity between the zonary placente of the cat and Seal; one notable difference 
is to be seen in the relatively narrow extent of the gland-layer in the uterus of the 
Seal, and another in the greater width of the laminz of the placental labyrinth. 

(ix.) The internal ear (Pl. XXII. fig. 6).—The semicircular canals, utricle, ampulle, 
and cochlea are well advanced in development, and lie in the cartilaginous rudiment 
of the osseous labyrinth ; the membranous labyrinth is represented by a somewhat 
thick connective tissue with a certain amount of elastic tissue entering into its 
composition. 

A transverse section across one of the semicircular canals im situ shows that the 
canal is placed very excentrically, lying against one side of the cartilaginous labyrinth, 
to which the connective tissue fixes it quite firmly. From the projecting part of the 
canal, strands or bundles of fibres pass to the opposite circumference of the cartila- 
ginous tube, and, joining here a continuation of the membrane, help to fix the canal, 
so that practically no contraction of the lumen is possible. The spaces between the 
fixing strands are filled with perilymph, whilst the canal itself is lined by a somewhat 
flattened epithelium, which later on secretes endolymph. In the utricle and ampulle 
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small elevations or “ cristae” project into the lumen, and are lined by a much higher 
type of epithelium than that found in the canals; but as yet there is no evidence of 
hair-like structures upon the free internal borders of the component cells. 

The cochlea is rather more advanced in development than would be the case in a 
three-months human feetus; according to Kravsz,* the organ of Corti in the human 
foetus at birth shows that the membrana tectoria is only commencing to form, whilst 
the sensory epithelium lying upon the basilar membrane shows only a larger and a 
smaller group of columnar cells. The author’s preparations of the cochlea of a three- 
months human foetus show the sensory epithelium as a group of columnar cells higher 
than the remainder in the tube, but no sign of the membrana tectoria. The scala 
tympani is present, but no membrane of Reissner as yet divides the upper cavity into 
scale media and vestibuli, whilst the rudiments of the spiral ganglion and cochlear 
nerve are certainly to be made out, but are not at all advanced. 

In the Seal embryo under discussion, all three scale are present, the spiral ganglion 
is a marked feature, the membrane of Reissner is well defined, and the epithelium of 
the organ of Corti is becoming differentiated, the component cells being higher upon 
the outer side, and their free borders showing a well-defined clear zone. 

(x.) The pituitary body (see text-fig. 3).—A specimen of the pituitary gland of 
an adult Weddell Seal (Leptonychotes weddelli) was examined histologically by 
the author some time since,} and found to possess all three portions, viz. pars anterior, 
pars intermedia, and pars nervosa, highly differentiated. The Sea-Leopard Seal in its 
earlier phases of development possesses a very interesting hypophysis, which more- 
over sheds some light upon the origin of the pars intermedia. Although a complete 
account of the histogenesis of this structure is not possible in the present instance, 


there are certain points in its development which are worthy of somewhat detailed — 


description, and for purposes of comparison the developing hypophyses of the rabbit 
(at the twelfth, fourteenth, and nineteenth days) and of the three-months human 
feetus were submitted to microscopical examination. 

A nearly median sagittal section taken through the pituitary of this Seal embryo 
(the gland being im situ in the sella turcica of the ossifying sphenoid bone) shows the 
following features :— 


(i.) The anterior lobe (pars anterior), consisting of irregular columns of rather 
large polyhedral cells, separated by wide blood-channels, the latter possess- 


ing a well-marked endothelial lining ; at the posterior extremity of the lobe 


8; 
the blood-channels are observed to open into large venous tributaries, which 
ultimately join up and communicate with the cavernous sinus, the latter 
being seen in section lying just anterior to the dorsum selle of the sphenoid 
bone (fig. 3, g). 

* See Hnrrwia, op. cit. 

+ Trans. Roy. Soc. Kdin., vol. xlviii. part iv., No. 31, 1913. 
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(ii.) An intermediate cleft lying dorsal to the pars anterior, which is the remaining 
evidence of Rathke’s pouch; this cleft is towards its lateral aspects (not 
shown in the figure) partially filled by proliferating columns of epithelial 
cells, some of which are to be seen in the mesial section at the anterior 
extremity of the cleft. 

(ii.) The pars nervosa, or posterior lobe, lying dorsal to the cleft, and connected 
with the floor of the 3rd ventricle by the infundibulum ; part of the cavity 
of the ventricle is seen extending into the infundibulum, but this feature 
disappears during later stages to a large extent. 
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Fic. 3.—A vertical section through the base of the skull to show the hypophysis cerebri in stu, lying 
in the sella turcica of the sphenoid bone. (Semi-diagrammatic.) 


a. Epithelium of the roof of the nasal cavity. 

Developing basi-sphenoid bone ; the “‘irruption ”-stage of ossification in cartilage is represented. 

ce, Large anterior lobe of hypophysis showing cell-columns and intervening blood-vessels ; the 

dark masses are cells staining more deeply with eosin. 

d, infundibulum, showing communication with the 8rd ventricle of brain. 

e. Posterior lobe (pars nervosa) of hypophysis. 

f. Cleft between the anterior and posterior lobes ; at the anterior end of this is seen a mass of 
cells, derived by an infolding from the anterior lobe, which will ultimately give rise to the 
pars intermedia, 

g. Cavernous sinus. 

h. Dorsum selle of sella turcica, 


= 


In connection with the pars intermedia, it appears that the columns of cells found 
partially filling the above-mentioned cleft are derived by a proliferation of cells at 
the upper and anterior angle of the pars anterior. HrERrine* describes (in the cat) 
the pars intermedia as an epithelial investment of the posterior lobe, but in the Seal, 
at least during later stages, the intermediate mass is a well-defined strip of closely 

* Journ. of Hxper. Physiol., 1909. 
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packed cells, which curves round the ventral aspect of the posterior lobe and appears 
to end abruptly in a broad club-shaped extremity at the posterior and ventral margin 
of that lobe. The dorsal portion, however, passes over the upper surface of the pars 
anterior and seems to fuse with the anterior and dorsal margin of that lobe. No 
remnant of Rathke’s pouch is to be seen in the fully formed pituitary of the Seal, 
whereas in the rabbit, cat, and man the pouch persists as a distinct cleft between the 
pars anterior and the pars intermedia. 

In the present instance the roof of Rathke’s pouch is lined by a columnar 
epithelium, which at the anterior extremity merges into the cell-columns which later 
on fill up the pouch. Upon the dorsal aspect of the posterior lobe no epithelial 
investment is to be seen, whilst the floor of Rathke’s pouch is formed by the super- 
ficial cells of the pars anterior, which are arranged in the form of an epithelium. 

The very close union maintained between the buccal and cerebral portions of the 
pituitary from the earliest stages is commented upon by Herring * and emphasised 
as having a direct bearing upon the functional importance of the gland. In the 
Seal, at the stage of development now under discussion, the union between 
the two portions is very intimate, but becomes even more marked as develop- 
ment proceeds. 

Compared with the hypophysis of a three-months human foetus, that of this Seal 
is a good deal in advance. In the human fcetus at three months the connecting 
strand passing between the pars anterior and the buccal epithelium is still present, 
whilst the posterior lobe is only represented by a very narrow diverticulum from the 
floor of the 3rd ventricle. 

Again, sections taken sagittally through the pituitary of the rabbit three days 
before birth show that the size of the posterior lobe is small as compared with the 
anterior, and the cavity in the infundibulum is represented by a mere cleft lined by 
ependyma. During earlier phases in this animal (twelfth and fourteenth days) the 
relation between the size of the lobes is such that the posterior lobe is proportion- 
ately larger than during later stages. In the Seal, at the stage under discussion, the 
posterior lobe is at least one-half the size of the pars anterior; but this relation does 
not holdin the full-grown animal, where the anterior lobe is five or six times as large 
as the pars nervosa. 

More detailed histological examination of the pituitary of the present foetus 
shows certain characters which differ from those observed in similar anatomical 
regions during later stages ; in the first place, the blood-channels in the pars anterior 
still retain their endothelial lining, a feature which disappears during development 
to a large extent, although in some parts of the full-grown anterior lobe endothelial 
cells are to be seen forming at least a partial lining to the blood-vessels. The cell- 
columns of the anterior lobe are composed of closely packed polyhedral cells, which, 
when stained with an acid stain such as eosin, may be differentiated into two 

* Op. cit. 
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varieties, viz. a majority which stain lightly, and here and there isolated cells 
staining intensely; the cytoplasm of the latter cells is also more granular in 
appearance. In the fully formed gland these deeply staining cells are more 
numerous, and collected into small groups instead of being isolated cells. The pro- 
liferating columns seen in Rathke’s pouch are composed of rather cuboidal, or in 
some cases columnar, cells, which do not possess any special affinity for eosin, but 
the nuclei of which stain deeply with basic dyes; no evidence of the syncytial 
structure seen in the pars intermedia of later stages is to be made out, nor does any 
colloid appear to have been formed as yet. The pars nervosa appears to possess 
much the same minute structure as does that part of the adult gland; for the most 
part, neuroglia cells and fibres predominate, some of the former being spindle-shaped 
and occurring in that portion of the lobe which les next the epithelium forming 
the roof of Rathke’s pouch, their long axes being at right angles to the ventral 
surface of the lobe. The portion of the cavity of the 3rd ventricle which passes 
into the infundibulum is lined by an ependyma of the usual type, viz. rather high 
columnar epithelium, the component cells being ciliated, whilst the basal portions 
of these cells are continued as neuroglia fibres into the substance of the pars nervosa. 
There is no colloid to be detected as-yet in this part of the pituitary, although in the 
fully formed gland small particles of colloidal material derived from the pars inter- 
media are to be seen scattered throughout the posterior lobe. Lying just dorsal to 
the infundibulum is a folded portion of the floor of the 3rd ventricle, which encloses 
a small fold of pia mater; this portion later on becomes modified to form a small 
ovoid mass lying on the dorsal aspect of the posterior lobe, and contains syncytial 
strands of nucleated cytoplasm more fully described by the author in a previous 
communication.* When fully formed it is very vascular, but its functional signi- 
ficance is not at all obvious. The above somewhat brief description of some of the 
developmental aspects of the pituitary of the Sea-Leopard Seal are, of necessity, 
incomplete, on account of the fact that only a single specimen was available for 
investigation. It would be interesting to follow some of the earlier phases, inasmuch 
as the gland appears in this animal to have a high functional significance—quite as 
much so, in fact, as in some higher types.t 


GENERAL COMPARATIVE CONCLUSIONS IN CONNECTION WITH THE ANATOMICAL AND 
HISTOLOGICAL FEATURES PRESENTED BY THE Farus or STENORHYNCHUS. 


(i.) The foetus, in the light of the above considerations, shows many points in 
common with the human fcetus at the beginning of the fourth month of intra-uterine 
development. If the relative rates of growths during the earlier developmental 

* Op. cit. 


+ For further details of the cytological characters of the various regions of the mammalian pituitary, see 
ScuAreEr, “Text-Book of Microscopic Anatomy” (Quain’s Anatomy, vol. ii. part i.). 
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phases are at all comparable in the two cases, then the present foetus should have 
completed about one-third of its development. In many respects, however, this 
foetus shows an advance upon the three-months human embryo, notably in connection 
with the pituitary gland, the cerebellum, and the internal ear. 

(ii.) The other mammals (rabbit, cat, and pig) with which incidentally the foetus 
has been compared show on the whole a fairly close agreement, both anatomically 
and histologically ; one marked exception, from the anatomical point of view, is in 
connection with the kidney, which places the Seals in a small sub-group of the 
carnivora, to which the bear also belongs. 

(iii.) The developmental features of the pituitary, kidney, and brain are sufficiently 
instructive to necessitate, when possible, investigation of the earlier phases of 
development of these organs; the acquisition of early Seal embryos is, however, a 
dificult matter, but they might with advantage be sought for, as large numbers of 
Seals are killed annually. 

In conclusion, the author wishes to thank Dr. W. 8. Bruck and Professor 
WaTERSTON for their courtesy in lending Scotia specimens of foetal Seals for investi- 
gation; also Professor Heppurn for many valuable suggestions in connection with 
anatomical details, and Mr. T. H. Burwenp, of University College, Cardiff, for much 
useful criticism concerning the arrangement of the above report. 
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EXPLANATION OF PLATES. 


Puate XIX. 
Fig. 1. Foetus of the Sea-Leopard Seal :— 


a.f. Anterior flipper. am. Amnion. 
p.f. Posterior flipper. p. Placenta. 
¢., Laal, b. Tongue: the bifid extremity showing 
cl.a, Cloacal aperture. between lips. 
u. Umbilicus. pal.f. Palpebral fissure, 
u.c. Umbilical cord. 


THE SYSTEMATIC ANATOMY OF A FQ@ITAL SEA-LEOPARD. 249 


Fig. 2. Dissection of the Sea-Leopard Seal, to show the principal viscera 2m situ (ventral aspect) :— 


1. Thyroid and lowest parathyroid. 10. Patent allantoic duct. 
2. Trachea. 11. Urinary bladder. 
3. Thymus. 12. Coils of small intestine. 
4. Left lung (upper lobe). 13. Umbilical vein. 
5. Left auricular appendix. 14. Right lobe of liver. 

5a. Left lung (lower lobe). 15. Gall bladder. 
6. Ventricular portion of heart. 15a. Right lung (middle lobe). 
7. Diaphragm. 16. Right auricular appendix. 
8. Left lobe of liver. 17. Right lung (upper lobe). 
9, Umbilical cord. 18. Arch of aorta. 

PuatE XX. 


Anatomical details of the brain and cranial and nasal fosse. 


Fig. 1. The brain from the dorsal aspect :— 


1. 4th ventricle (floor). 3. Superior surface of cerebral hemisphere. 
2. Lamelle of cerebellar hemisphere. 4, Crura cerebri. 


Fig. 2. The brain from the side :— 


1. Olfactory lobe. 5. Medulla oblongata. 
2. Fissure of Sylvius. 6. Cerebellum, 
3. Infundibulum. 7. Cerebral hemisphere. 


4, 3rd nerve. 


Fig. 3. Mesial surface of a median sagittal section of head :— 


1. Lower jaw. 7. Corpora quadrigemina. 
: 2. Tongue. 8. Optic thalamus. 

21, Lamina terminalis. 9. Falx cerebri. 

3. Hypophysis cerebri. 9!. Corpus callosum. 

4, Medulla oblongata. 10. Nasal fossa (lower). 

5. 4th ventricle. 11. Nasal septum. 

6. Cerebellum. 12. Buccal cavity. 


Fig. 4. Nearly mesial sagittal section of brain to show distribution of grey and white matter, and general 
relations of parts :— 


1, Nuclei of vagus and hypoglossal nerves. 7. Portion of choroid plexus. 

2. Grey matter of cerebellar hemisphere. 8. Portion of 3rd ventricle in infundibulum, 

3. Pia mater. 9. Grey matter in optic thalamus. 

4, Grey matter of cortex cerebri. ii. Part of prosencephalon communicating with 
5. Superficial white matter of cortex. lateral ventricle. 

6. Grey matter lining cavity of prosen- iv. 4th ventricle. 


cephalon, just showing. 


Fig. 5. Mesial surface of sagittal section of head, the nasal septum and falx having been removed :— 


t. Tongue. | op. Optic thalamus. 
hy. Hypophysis. h. Cerebral hemisphere. 
m.o. Medulla oblongata. olf.l. Olfactory lobe. 
cb. Cerebellum. eth.t. Ethmo-turbinal bone. 
p. Pons. ma.t. Maxillo-turbinal bone. 
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Puate XXI. 


Anatomical features of some of the viscera. 


— 


. Coils of small intestine. 


bo 


curvature of stomach. 
. Pyloric end of stomach. 


. Peritoneal fold attached to greater 


. 1. The stomach and intestines from the ventral aspect :-- 


5. Csophagus. 

6. First bend of duodenum, 
7. Pancreas. 

8. Part of transverse colon. 


3 
4, Cardiac end of stomach. 
2 


. A coronal section of the thyroid and lowest parathyroid :— 
th. Lobules of the lateral lobe. 
p.th. Parathyroid, showing arrangement of cell-columns with intervening blood-channels and con- 
nective tissue. 
v. Vein in capsule, with a small nerve-trunk. 


Fig. 3. The lungs from the ventral aspect :— 
a. Part of right middle lobe. d. Pulmonary vein emerging from right lung. 
b. Upper and lower lobes of left Inng. e. The three lobes of right lung. 
c. Bronchi entering root of lung. 
Fig. 4, The retroperitoneal and pelvic viscera :— 
1. Cloacal aperture. 7. Adrenal gland. 
2. Severed allantoic duct. §. Diaphragmatic ligament of mesonephros, 
3. Urinary bladder. 9. Genital gland. 
4. Ureter (cut across). 10. Rectum, with rudimentary uterus just ventral 
5. Genital duct. to ib. 
6. Left kidney. 
Fig. 5. The liver from dorsal aspect :— 
rl, Right lobe. 1.2. Left lobe 
k. Surface of right lobe which lies over l.v. Umbilical vein (=ligamentum teres of later 
kidney. stages. ) 
Fig. 6. Deep surface of the spleen :— 
a. Elongated hilus with blood-vessels. | 6.and ec. Dorsal and ventral margins. 
Pirate XXII. 


Figures (semi-diagrammatic) illustrating the histological features of some of the viscera. 


Fig. 1. Portion of a longitudinal coronal section of a kidney showing a quadrant of one renal pyramid 
and some intervening connective tissue :— 


a. Ampulle of terminal branches of ™ w. Secondary, tertiary, etc., branches of Wolffian 
Wolffian diverticulum. diverticulum. 
con.t, Convoluted tubule seen cut across 2. Intervening connective tissue between neigh- 
several times. bouring pyramids. 


m.c. Malpighian capsules. 


Fig. 2. Part of a longitudinal coronal section of an adrenal body :— 


ce. Capsule. s. Sympathetic ganglion cell masses. 
z.g. Zona glomerulosa. b. Blood-channels in medulla between large 
z.f. Zona fasciculata. groups of sympathetic cell-masses. 


m. Medulla. 


THE SYSTEMATIC ANATOMY OF A FATAL SEA-LEOPARD. Zot 


Fig. 3. Part of a section of lung, showing the branching tubules embedded in discrete masses of con 
densed connective tissue with rudiments of muscular and elastic layers lying next the tubules, The in- 
terstitial connective tissue is also present in large relative amount. 


Fig. 4. Portion of a longitudinal section of the ovary :— 


ep. Surface epithelium (germinal  epi- s. Dense stroma forming a kind of tunica 
thelium). albuginea. 

ec. Cortical zone with primitive ova and m. Medulla with a few masses of ova and 
some stroma. much stroma separating them. 


Fig. 5. Part of a section of the pancreas, showing typical arrangement of branching tubular acini, with 
but little interstitial connective tissue. 


Fig. 6. Portion of a vertical section through the developing cochlea showing one turn of the spiral 
in section :— 


s.v. Scala vestibuli. B. Basilar membrane, with rudimentary organ 
R. Membrane of Reissner, of corti resting upon it. 
c.c. Canal of the cochlea. S.T. Scala tympani. 


G. Spiral ganglion. 
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As the Scotia was engaged in marine research throughout the whole of its long 
voyage out and home, it was only to be expected that Antarctic specimens would 
form but a small fraction of the result. In like manner, as several of the halting- 
places, such as the Cape of Good Hope and the Falkland Islands, had been visited 
by many keen naturalists on earlier occasions, it was quite likely that species of the 
group with which this report is concerned would have been in numerous instances 
already observed. Accordingly, out of some fifty species here discriminated, only 
six claim to be new, and not more than ten can be regarded as Antarctic or sub- 
Antarctic in their place of capture. In the vast extension, however, which marine 
zoology has for some time past been receiving, some retardation in the stream of 
discovery may not be unwelcome to the systematist. Familiar forms which would 
otherwise amply repay a thorough reinvestigation are apt to be thrust on one side, 
when striking novelties are for ever appealing to be introduced. This expedition, 
like others before it, affords fair evidence that the Macrura are both abundant and 
varied in great depths of the ocean. But only too often the frailty of their fabric 
leaves them in a tantalisingly mutilated condition when they reach the surface. 


CONSPECTUS OF THE SPECIES. 


BRACHYURA. 
Brachyura genuina. 
Tribe OXYRRHYNCHA. 


Family Inacuipé. 


Achxopsis thomson (Norman), Gough Island, 40° 20’ S., 9° 56’ W. 
Coryrhynchus algicola, n. sp., 18° 24’ S., 37° 58’ W. 
Eurypodius latreillit, Guérin, Falkland Islands, and Burdwood Bank, 54° 25’S., 
aa 32) W. 
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Family Mamatp&. 


Macroceloma concavus, Miers, 18° 24’ S., 37° 58’ W. 


Family ParRTHENOPIDA. 


Lambrus verrucosus, Studer, off Pyramid Point, Ascension Island. 


Tribe CYCLOMETOPA. 


Family XANTHIDA, 
Xanthodius parvulus (Fabricius), Porto Grande, St Vincent. 


Family Portunips. 


Lupa say, Gibbes, from Gulf weed, Sargasso Sea. 


Family CorystTip&. 


Nautilocorystes ocellatus (Gray), entrance to Saldanha Bay, South Africa. 


Tribe CATOMETOPA. 


Family GoNEPLACIDA. 


Goneplax angulatus (Pennant), off Dassen Island, near Saldanha Bay, South 
Africa, 
Pilumnoplax heterochir (Studer), Gough Island, 40° 20’ 8., 9° 56’ W. 


Family GRAPSID&. ; 


Grapsus maculatus (Catesby), St Helena, St Vincent, and Ascension Island. 
Cyclograpsus punctatus, Milne-Edwards, False Bay, South Africa. 

Planes minutus (Linn.), from Gulf weed, Sargasso Sea. 

Plagusia capensis, de Haan, Saldanha Bay and Cape Town. 

Percnon planissimus (Herbst), Porto Grande, St Vincent. 


Family GECARCINIDA. 


Gecarcinus lagostoma, Milne-Edwards, Ascension Island. 


Family HyMENOSOMATID&. 


Hymenosoma orbicularis, Desmarest, Saldanha Bay, South Africa. 
Halicarcinus planatus (Fabricius), Falkland Islands and South Orkneys. 


Tribe OXYSTOMATA. 


Family CALAPPIDz, 


Mursia cristimanus, de Haan, otf Dassen Island, Saldanha Bay, South Africa. 
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Brachyura anomala. 


Family Dromimp. 
Dromia dormia (Linn.), 48° 06’ S., 10° 05’ W. 
Droma sp.?, Saldanha Bay, South Africa. 
Pseudodronia latens, Stimpson, Saldanha Bay, South Africa. 


Family Larreriiip sé. 


Latreillia elegans, Roux, off Pyramid Point, Ascension Island. 


Macrura anomala. 


Tribe PAGURIDEA. 


Family Lirnopip 2. 


Lithodes antarcticus, Jacquinot, Burdwood Bank, 54° 25’ §., 57° 32’ W. 
Pardlomis granulosus (Jacquinot), Burdwood Bank, 54° 25’ 8., 57° 32’ W. 


Family Pacurip&. 


Pagurus arrosor (Herbst), Cape Town. 

Pagurus calidus, Risso, Ascension Island. 

Eupagurus forceps, Milne-Edwards, Falkland Islands. 

Eupagurus modicellus, n. sp., Pyramid Point, Ascension Island. 

Calcinus talisman, A. Milne-Edwards and Bouvier, Porto Grande, St Vincent. 


Tribe GALATHEIDEA. 


Family GALATHEIDA. 
Mumda subrugosus (White), Falkland Islands. 


Munda gregarius (Fabricius), juv., Falkland Islands. 
Tribe HIPPIDEA. 


Family ALBUNEID#. 


Albunea gueriniw, Lucas, St Helena. 


Macrura genuina. 
Tribe SCYLLARIDEA. 


Family ScyLLarip&. 
Scyllarides elusabethe (Ortmann), off St Helena. 
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Family PaLinurip#&. 


Jasus lalandic (Milne-Edwards), Saldanha Bay, South Africa. 


Tribe PEN HIDEA. 


Family PEna&IDs. 
Gennadas kempi, n. sp., 39° 48’ S., 2° 33’ K. 
Gennadas parvus (2), Bate, 48° 00’ 8., 9° 50’ W. 


Family LEvcrIFERID. 
Petalidium foliaceus, Bate, 48° 00’ S., 9° 50’ W. 


Tribe CARIDEA. 


Family PaL#Monip&. 


Leander squilla (Linn.), Porto Grande, St Vincent. 
Leander affinis (Milne-Edwards), Saldanha Bay, South Africa. 


Leander tenwcornis (Say), from Gulf weed, Sargasso Sea. 


Family Hrprotytip&. 
Hippolyte acuninatus, Dana, from Gulf weed, Sargasso Sea. 
Latreutes fucorum (Fabricius), from Gulf weed, Sargasso Sea. 
Nauticaris brucei, n. sp., Gough Island, 40° 20’ 8., 9° 50’ W. 
Nauticaris magellanicus (A. Milne-Edwards), Falkland Islands. 

Family PasipH@#ID&. 
Phye scotiz#,n. spi,,68> 32_8.,12, 49° We: (As 22) Seal 34, We 
Phye rathbune, n. sp., 48° 00’ 8., 9° 50’ W. 

Family NEMATOCARCINID&. 
Nematocarcinus lanceopes, Bate, 71° 22’ S., 16° 34’ W.; and (?) 39° 48’S., 
2° 33° Hi. 
SCHIZOPODA. 


Order MYSIDACEA. 
Sub-order LOPHOGASTRIDA. 


Family Hucopim”. 
Eucopia sp., 39° 48’ S., 2° 33’ E. 
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STOMATOPODA. 


Family SQumLLips. 


Squilla avmatus, Milne-Edwards, off Dassen Island, South Africa. 
Lysioerichthus edwardsii (Eydoux and Souleyet), juv., 19° 59’ N., 22° 34° W. 
Though not properly coming within the scope of this report, the occurrence of 
the following species may for convenience’ sake be mentioned here :— 
Bopyrina latreuticola (Gissler), from Gulf weed, Sargasso Sea. 
Lanceola xstivus, Stebbing, 68° 32’ S., 10° 52’ W., surface. 
Nebalia bipes (Fabricius), Saldanha Bay, South Africa, 25 fathoms. 


BRACHYURA. 
Brachyura genuina. 


Tribe OXYRRHYNCHA. 


The classification here adopted is substantially the same as that used in the 
General Catalogue of South African Crustacea, to be found in the Annals of the 
South African Museum, vol. vi. part iv., issued in 1910. 


Family [vacnip. 
Genus Achxopsis, Stimpson. 


1857. Achzopsis, Stimpson, Pr. Ac. Sci. Philad., vol. ix. p. 219. 

1873. Dorynchus, Norman, in Wyville-Thomson’s Depths of the Sea, p. 174, fig. 34. 
1880. Lispognathus, A. Milne-Edwards, Etudes Crust. rég. Méxicaine, p. 349. 

1886. Achzopsis, Miers, Rep. Voy. “ Challenger,” vol. xvii. part xlix. p. 18. 

1886. Lispognathus, Miers, Rep. Voy. “ Challenger,” vol. xvii. part xlix. p. 27. 


1886. Perrier, Explorations sous-marines, p. 298. 
1893. Lee Ortmann, Zool, Jahrb., vol, vii. p. 36. 
1910. a; Stebbing, Annals S. Afr. Mus., vol. vi. part iv. p. 285. 


1910. Dorynchus, Stebbing, Annals S. Afr. hie, vol. vi. part iv. p. 285. 
1911. Achxopsis, Rathbun, 7. Linn. Soc. London, vol. xiv. part ii. p. 247. 


Miers states that Achxopsis is distinguished from Inachus “merely by having 
the postocular as well as the preeocular spine distinctly developed, and by the more 
or less faleiform dactyli of the three posterior ambulatory legs.” From A. spinulosus, 
Stimpson, 1857, he says that his own A. giintherz, 1879, is distinguished “ by having 
but a single very long perpendicular spine on the gastric region.” Like these, A. 
superciliaris, Ortmann, 1893, has the rostrum not deeply divided. From Inachus 
and Achxopsis Miers considered Lispognathus “ distinguished by the well-developed 
rostral spines.” For that genus PERRIER notices as also characteristic the long 
slender ambulatory legs. Miss Rarupun, however, in 1911, without discussion, sinks 
Inspognathus, and by inference also Dorynchus, as synonyms of the earlier Achxopsis. 
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The generic name Dorynchus depended not on a definition but on the dorsal view of 
a specimen. The word Lispognathus, signifying “a smooth jaw,” is not very appro- 
priate for Norman’s species, in which the large third joint of the external maxillipeds 
is well studded with tubercles. Further, it has been shown by Dortern that in respect 
of length and divergence the rostral spines of Dorynchus thomsoni are very variable, 
so that its removal to Achxopsis is made the less difficult, and two rival claimants 
to the generic name may conveniently be dispensed with. 


Achexopsis thomsoni (Norman). 


1873. Dorynchus thomsoni, Norman, Depths of the Sea, p. 174, fig. 34. 
1880. Lispognathus furcillatus, A. Milne-Edwards, Crust. Meaic., p. 349, pl. xxxia. fig. 4. 
1886. Lispognathus thomsont, Miers, Rep. Voy. ‘‘ Challenger,” vol. xvii. part xlix. p. 28, pl. v. fig. 2. 


1886. 3 5 Perrier, Explor. sous-marines, p. 298, fig. 218. 

1900. a a A. Milne-Edwards and Bouvier, Crust. Decap. “ Travailleur-Talisman,” 
p. 148, pl. iii. fig. 8, pl. xxi. figs, 8-14. 

1904. a _ Doflein, Ergebn. Deutschen Tiefsee-Exp., vol. vi. p. 75. 

1908. 4 - Hansen, Ingolf-Exp., “‘ Crust. Malac.,” vol. iii. part ii. p. 11. 


1910. Dorynchus thomsont, Stebbing, Annals S. Afr. Mus., vol. vi. part iv. p. 286. 
1911. Achxopsis thomsoni, Rathbun, Tr. Linn. Soc. London, vol. xiv. part 11. p. 247. 


A. Mitne-Epwarps and Bouvier in 1900 still regard L. furcillatus as specifically 
distinct (loc. cit., p. 148), and on pp. 151, 152 (twice by a slip calling it L. furcatus) 
say that “LZ. thomsona is distinguished from L. furcillatus by the more slender form 
of the carapace, narrow front, rostral spines less divergent, spines of carapace more 
marked.” DorLein with ample material decides that the differences are based on a 
young specimen. Miss Ratruspun says of an adult male example taken at Seya de 
Malha from a depth between 300 and 500 fathoms: “This example has parallel 
horns about a quarter as long as remainder of carapace. It differs from typical 
specimens in having the anterior gastric and anterior branchial spines obsolete or 
reduced to low tubercles. The species is very close to A. spinulosus, Stimpson 
(Smithson Misc. Coll., xlix., 1907, p. 21, pl. iii. figs. 5, 5a), which has shorter legs, 
described as minutely spinulous above, but there is no indication, in description or 
figure, of the terminal spine on the merus joints. A. spinulosus is an inhabitant 
of shallower water (10 fathoms in Simon’s Bay, Cape of Good Hope).” As sug- 
gested above, the conspicuously long legs of A. thomsona seem to separate it de- 
cisively from the other species of the genus. But if A. spenulosus has anything 
like the variability established for A. thomsoni, the validity of A. giinthert must be 
regarded as resting on a very insecure foundation. 

The Scotia specimens have a denticle at the middle of each of the divergent 
rostral horns and a larger subdistal one visible from below. The eyes have a 
tubercle on the peduncle and another subdistal on the corneal portion. In the 
first antennee the third joint of the peduncle is oval, wider than the preceding joint ; 
the principal flagellum carries numerous filaments. The palp of the mandibles 
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appears to be membranous, the first joint scarcely distinct from the second, the 
third joint carrying two or three sete. In the third maxillipeds the inner margin 
of the third joint is finely but irregularly denticulate, the surface tubercles not closely 
set. The eggs of a small female are numerous, not very small. 

Locality.—Gough Island, lat. 40° 20’ S., long. 9° 56’ 30” W.; depths 75 and 100 
fathoms ; April 21-23 and 24, 1904. 

The extraordinary distribution of this species has been noted by several authors, 
extending as it does from the Faroes to the West Indies, the Cape of Good Hope, 
Australia, and the Indian Ocean, with depths varying from 106 m. to 1326m. Fuller 
details are given by Miune-Epwarps and Bovuvisr, and by Dor etn. 


Gen. Coryrhynchus, Kingsley. 
1860. Podonema (preoce.), Stimpson, Ann. Lyceum N.H. New York, vol. vii. p. 19. 
1870. Stimpson, Bull. Mus. Comp. Zool., vol. ii. p. 126. 
1879. Podochela (part), A. Milne-Edwards, Miss, Sct. Meaxique, ‘‘ Crust.,” part v. p. 189. 
1879. Podonema, Miers, J. Linn. Soc. London, vol. xiv. No. 79, p. 643. 
1879. Coryrhynchus, Kingsley, Pr. Ac. Sci. Philad., p. 384. 
1886. i (subgen.), Miers, Rep. Voy. ‘‘ Challenger,” vol. xvii. part xlix. p. 11. 
1900. * (subgen.), Young, West Indian Stalk-eyed Crust., p. 13. 
_ 1901. Podochela (part), Rathbun, Bull. U.S. Fish. Comm. for 1900, vol. ii. p. 53. 
The peculiarity of an almost circular rostrum in species which otherwise clearly 
belong to the Oxyrrhyncha or sharply rostrate crabs may be taken to justify the 


separation of the genus from its near ally Podochela. 


Coryrhynchus algicola, n. sp. 
Plate XXIII. 

This new species is approximate to C. riisei (Stimpson), 1860, and C. spatulifrons 
(A. Milne-Edwards), 1879. It agrees with the latter in the short broad form of the 
rostrum, the former being distinguished from both by having the rostrum longer 
and narrower. On the other hand, the more pronounced angles of the distally 
widened fourth joint in the third maxillipeds here agree with ©. rise, and not with 
C. spatulifrons. In both of those species the fingers of the chelipeds are described 
by the French author as finely denticulate, and he figures those of his own species 
to correspond with that statement. The new species has the edges of these fingers 
not dentate but crenulate, the alternate projections of one finger neatly fitting the 
hollows of the other. Here also a pair of tubercles occur on the surface of the 
carapace between the eyes, which would seem to be absent from the other species 
under comparison. It may be judged from the copious supply of hooked and other 
setee with which the whole exposed surface is furnished in all three species, that 
all adopt similar methods of concealment. The Scotia specimen was a mere garden 
of seaweed, and the limbs were far more ready to leave the body than either body 
or limbs were to part with the investing weeds. The pellucid rostrum looked like 
a bit of weed, and one of the long second pereeopods was so thickly matted that it 


260 REV. T. R. R. STEBBING ON STALK-EYED CRUSTACEA MALACOSTRACA 


had ceased to be in any way suggestive of a limb. The eyes have an apical tubercle 
carrying a setule. The first and second joints in the palp of the mandible seem 
to be in coalescence. The pleon of the female forms a deep almost circular bowl, 
the last three segments in coalescence constituting more than half of it. Length of 
carapace 19 mm., greatest breadth 13 mm., second perzeopod about 47 mm. long. 
For C. spatulifrons the corresponding measurements are 19, 14, and 44 mm. 
Locality.—Lat. 18° 24’ 8., long. 37° 58’ W.; depth 36 fathoms; Station 81. 


Genus Hurypodius, Guérin. 
1828. EHurypodius, Guérin, Mém. Mus. Hist. Nat. Paris, vol, xvi. pp. 349, 350. 


1900. Pa Stebbing, Pr. Zool. Soc. London, p. 527. 
1910. 5 Rathbun, Pr. U.S. Mus., vol. xxxviil, pp. 571, 612. 


Eurypodius latredlu, Guérin. 
1828. Hurypodius latreidlit, Guérin, Mém. Mus. Hist. Nat. Paris, vol. xvi. p. 354, pl. xiv. 


1900. i s Stebbing, Pr. Zool. Soc. London, p. 527, 
1905, Eurypodius latreillei, Lagerberg, Schwed. Siidpol. Exp., vol. v. part vi. p. 17 (with copious 
synonymy). 


1910. Hurypodius latreilliz, Rathbun, Pr. U.S. Mus., vol. xxxviul. pp. 571, 612. 


The study of this rather abundant species by numerous authors has led to its 
receiving a considerable variety of names. These are latredllia (probably an error of 
the press), tuberculatus, audouinii, andowini (error of the press), cuveri, septen- 
trionalis, brevipes, latreillei (probably meant for a correction), dane. All are now 
regarded as synonyms of the original ZL. latreidlu, Guérm. In LaGERserc’s useful 
list of the synonymy the crustacea of the Coquille are attributed to H. MILNE- 
Epwarps, by mistake for Gumiriy, who naturally uses the form /atredlw, not the 
erroneous latredllia, which only reappears in Gay’s Hist. Chile, 1849, where NIcoLer 
is pleased to refer it to GUERIN’S own writings. According to the last-named author, 
the colour in fresh [condition is greenish brown. The discussions instituted by 
various authors make it fairly certain that the supposed specific differences depend 
on sex and age or inconstant variation. LAGERBERG had at his disposal specimens 
varying in the length of the carapace between 8 and 87 mm., with a breadth of 
4°5 mm. for the smallest and of 65 mm. for the largest. The Scotza specimens do 
not reach beyond a medium size. 

Localities.—Falkland Islands, Port Stanley, from 2 and 4 fathoms; Port William, 
from 6 fathoms ; Station 346, Burdwood Bank, lat. 54° 25’ S., long. 57° 32’ W., depth 
56 fathoms. According to LaGERBERG, the greatest depth at which this species has 
hitherto been obtained is the 70 fathoms recorded by Miers in his Challenger report. 
Eurypodius longirostris, Miers, was dredged in 175 fathoms. 


Family Mamarip/. 


1905. Mamaiide, Stebbing, Gilchrist’s Mar. Invest. S.A. Crust., part iii. p. 22; and Pr. Brol. Soc. 
Washington, vol. xviii. p. 157. 
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Genus Macroceloma, Miers. 


1879. Macroceloma, Miers, J. Linn. Soc. London, vol. xiv. p. 665. 
1886. - Miers, Rep. Voy. “‘ Challenger,” vol. xvii. part xlix. p. 79. 
1901. s Rathbun, Bull, U.S. Fish. Comm. for 1900, vol. ii. p. 73. 


Macroceloma concavus, Miers. 

1886. Macroceloma concava, Miers, Rep. Voy. ‘‘ Challenger,” vol. xvii. part xlix. p. 81, pl. x. 

figs. 2, 2a-b. 

1898, Macroceloma concavum, Rathbun, Pr. U.S. Nat. Mus., vol. xxi. p. 576, 

1901. 5 Ms Rathbun, Bull. U.S. Fish. Comm. for 1900, vol. ii. p. 75. 

In this species the carapace is deeply concave upon the hepatic regions, “ the 
spines of the rostrum are short, in the adult less than one-fourth the length of the 
carapace, they are nearly straight, divergent, and separate by a triangulate inter- 
space.” The arrangement of the tubercles on the somewhat damaged carapace of 
the Scotia specimen appears also to answer the description given by Mrzrs, and the 
third maxillipeds and limbs agree with his account and illustrations, with this excep- 
tion, that in our specimen the finely denticulate inner margins of the fingers in the 
chelipeds leave a gap only quite close to the hinge. The length of the carapace 
measured from the base of the rostral spines is 29 mm., the spines themselves 
5 mm., the breadth at the eyelobes 20 mm., and at the widest part to the rear 
23 mm., not including the lateral spines which are here outstanding. 

Locality.Lat. 18° 24’ S., long. 37° 58’ W.; depth 36 fathoms; Station 81, 
December 20, 1902. 

For the gender of the specific name see Knowledge, vol. xxxi., No. 504, p. 259; 
and No. 509, p. 470, 1910. 


Family ParRTHENOPID&. 


1834. “ Parthenopiens” (tribe), Milne-Edwards, Hist. Nat. Crust., vol. i. p 347. 
1847. Parthenopide, White, List Crust. Brit. Mus., p. 41. 
1901. i Rathbun, Bull. U.S. Fish. Comm. for 1900, vol. ii. p. 79. 


Genus Lambrus, Leach. 


1815. Lambrus, Leach, 7'r. Linn. Soc. London, vol, xi. pp. 308, 310. 
1895. * Alcock, J. Aszat. Soc. Bengal, vol. lxiv. p. 259. 
1901. Rathbun, Bull. U.S. Fish. Comm. for 1900, vol. ii. p. 79. 


Lambrus verrucosus, Studer. 

1882. Lambrus verrucosus, Studer, Abhandl. K. Ak. Wiss. Berlin, vol. ii. p. 9, pl. i. figs, 2a, 20. 

1886, Fe 3 Miers, Rep. Voy. “‘ Challenger,” vol. xvii. part xlix. p. 93. 

The species is notable for the very deep furrows which separate the tuberculate 
median ridge of the carapace from its tuberculate branchial regions. The spinulose 
rostrum is more produced than in StupEr’s figure, and the chelipeds are more 
verrucose and dentate in the Scotia specimen than in that which SrupER represents. 


The eyes show minute warts both on and below the cornea. ‘The species belongs to 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO, 9). 37 


262 REV. T. R. R. STEBBING ON STALK-EYED CRUSTACEA MALACOSTRACA 


that section of the genus which Miers defines as having the fourth joimt of the 
ambulatory limbs more or less spinose or tubereulated. All the six segments of the 
pleon are also warty. 

Locality. Off Pyramid Point, Ascension, from depth of 40 fathoms; June 10, 
1904; Station 507. 


Tribe CYCLOMETOPA. 


Family XaNTHIDA. 
1898. Xanthidx, Alcock, Jour. Asiat. Soc. Bengal, vol. Ixvii. part ii. p. 69. 
1910. 5p Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 296. 


The family is here taken in the wider sense. 


Genus Xanthodius, Stimpson. 
1859. Xanthodius, Stimpson, Ann. Lyc. Nat. Hist. New York, vol. vii. p. 52. 
1901. Fi Rathbun, Bull. U.S. Fish Comm. for 1900, vol. ii. p. 27. 

A. Mitne-Epwarps, who gives the reference to STIMPSON as on p. 6, thinks that 
Stimpson distinguished Xanthodius from Leptodius on indifferent grounds, the crest 
on the endostome in the former being incomplete, and often occurring in a recognised 
species of the latter genus. Later authorities, however, appear to agree in upholding 
Strmpson’s determination, though Miss Rarusun does not insist on the character to 
which A. Mr~ne-Epwarps refers, and Dr Youne speaks of (subgenus) Leptodius 
as having “ endostome without trace of longitudinal carine. 


Xanthodius parvulus (Fabricius). 


1793. Cancer parvulus, Fabricius, Ent. Syst., vol. ii. p. 451. 

1858. Chlorodius americanus, Saussure, Mém. Soc. Hist. Nat. Genéve, vol. xiv. p. 430 (14), pl. i. fig. 5. 
1860. Xanthodius americanus, Stimpson, Ann. Lyc. Nat. Hist. New York, vol. vii. p. 209 (81). 

1879. Leptodius americanus, A. Milne-Edwards, Miss. Sci. Mexique, part v. p. 269. 

1897. Xanthodius parvulus, Rathbun, Ann. Inst. Jamaica, vol. i, No. 1. p. 15. 

1900. Leptodius (Xanthedius) americanus, Young, West Indian Stalk-eyed Crust., p. 147. 

1901. Xanthodius parvulus, Rathbun, Bull. U.S. Fish Comm. for 1900, vol. i. p. 27. 

1908. - 5 Verrill, 77. Connect. Ac. Sci., vol. xiii. p. 340, text-fig. 12, pl. xiv. fig. 4. 


Miss Rarupun’s identification of pE SaussurE’s species with the Cancer 
parvulus of Fapricrus was based on “types examined.” The description given by 
Fapricius is therefore inexact, since he states the front to be entire, whereas it is 
notched in the centre; he speaks of the sides as tridentate, but they are quadriden- 
tate, and he says that the feet are short, smooth, with fingers black at the apex. As 
he is no doubt referring to the chelipeds, only the colour note is accurate, while the 
limbs are not specially short, and have the wrist and hand rough, “ eroded in reticulat- 
ing lines.” The thumb of the larger cheliped in the Scotia male specimen has a 
large blunt tooth on the inner margin near the hinge, and two smaller teeth near the 
apex ; the movable finger has a curved and hollowed apex and a median tooth on 
the inner margin. The fourth joint of the third maxillipeds is short and broad. 
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The ambulatory limbs are short, with setose fingers. The pleon is five-segmented. 
The measurements of the specimen coincide with those given by pe Saussurg, length 
14 mm., breadth 22 mm., width of front 6 mm. 

Locality.—St. Vincent, Porto Grande, shore N.E.; December 1, 1902; Station 24. 


Family Portrunipa, 


Genus Lupa, Leach. 
1813. Lupa, Leach, Hdinb. Hncyel., vol. vii. p. 390. 
1833. Neptunus, de Haan, Crust. Japonica, decas 1, p. 7. 
1897 Portwnus, Rathbun, Pr, Biol. Soc. Washington, vol. xi. pp. 155, 160. 
1908. Lupa, Stebbing, Annals S. Afr. Mus., vol. vi. part i. p. 11. 

Several other references for the genus may be obtained from those given for the 
following species. From the neighbouring and very similar genus Callinectes, 
Stimpson, the present is distinguished in the male sex by having the pleon triangular, 
without the narrow ending which in Callinectes gives it as it were the shape of the 
capital letter T. 

Lupa sayi, Gibbes. 

1802. Portunus pelasgicus, Bosc, Hist. Nat. Crust., vol. i. p. 219, pl. v. fig. 3 (Portune pélasgique). 

1817.. Lupa pelagica, Say, J. Ac. Sct. Philad., vol. i. p. 97. 

1830. Portunus pelasgicus, Bose and Desmarest, Hist. Nat. Crust,, vol. 1. p. 235, pl. v. fig. 3 (Portune 


pélagique). 
1850. ae sayt, Gibbes, Pr. Amer. Assoc., p. 178. 
Heb2, ,, » Dana, U.S. Expl. Exp., vol. xiii. part i. p. 273, pl. xvi. fig. 8. 
1861. Neptunus sayt, A. Milne-Edwards, Arch. Mus. Hist. Nat., vol. x. p. 317, pl. xxix. fig. 2. 
1878. 5 ,, A. Milne-Edwards, Crust. Mexic., p. 210. 


1886. Neptunus (Neptunus) sayz, Miers, Rep. Voy. Wehallencen” vol. xvii. part xlix. p. 173. 

1897. Portunus sayt, Rathbun, Ann. Inst. Jumaica, vol, i. p. 22. 

1898. 0 » Rathbun, Pr. U.S Mus., vol. xxi. p: 592 

1908. me »  Verrill, Tr. Connect. Ac. Sci,, vol. xiii. pp. 373, 374, 376, text-fig. 25, pl. xviii. 

fig. 2, pl. xxi. fig. 1. 

It is probable that this species was included by Hersst in his Cancer pelagicus, 
Krabben und Krebse, vol. i. p. 159, 1783, and represented by his fig. 55 on pl. viii. 
Miers remarks that “the convex, marbled carapace, short lateral epibranchial spines, 
and the absence of a spine on the posterior margin of the merus [fourth joint] of the 
chelipedes are characteristic of this species.” He observes that “a large series of 
specimens of this common pelagic species was taken from the Gulf weed” by the 
Challenger Expedition. The larger of two female specimens obtained by the Scotia 
measured 66 mm. from point to point of the epibranchial spines, with a length of 
32 mm. for the carapace. A male specimen similarly measured 70x38 mm. The 
pleon in this agreed with Dana’s single figure, which represents this part of the 
organism. The male organs are very slender except at the base, and their apices, 
which curve strongly outwards, nearly reach the end of the telson. 

Locality —From Gulf weed, 29° 54’ N., 34° 10’ W. to 33° 53’ N., 32° 27’ W.; 
$ June 30, 1904, 2 June 29 and July 1, 1904; Stations 537, 538, and 539. 
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Family Corystipz. 
1899. Corystidx, Alcock, Jour. Asiat, Soc, Bengal, vol. lxviii. pp. 5, 103. 


Genus Nautilocorystes, Milne-Edwards. 


1833. Dicera (preoccupied), de Haan, Crust. Japon., decas 1, pp. 4, 14. 
1837. Nautilocorystes, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 149. 
1900, * Stebbing, Gilchrist’s Mar. Invest. S. Afr., vol. i. p. 16 (with synonymy). 


Nautilocorystes ocellatus (Gray). 


1831. Corystes ocellata, Gray, Zool. Miscellany, vol. i. p. 39. 

1833. Corystes (Dicera) 8-dentata, de Haan, Crust. Japon., decas 1, p. 15. 

1837. Nautilocorystes ocellatus, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 149; and later in the 

undated plates of the Régne animal, pl. xxiii. figs. 2, 2a-c. 

1843. Dicera 8-dentata, Krauss, Siidafrik. Crust., p. 27. 

1847. Nautilocorystes ocellatus, White, List Crust. in Brit. Mus., p. 53. 

1857. if 5 Stimpson, Pr. Ac. Sci. Philad., p. 39. 

1900. Nawutilocorystes octodentatus, Stebbing, Gilchrist’s Mar. Invest. S. Afr., vol. i. p. 17. 

1907. Nautilocorystes ocellatus, Stimpson, Smithson. Misc. Coll., vol. xlix. p. 89 [IV. octodentatus 

(de Haan) in editor’s footnote]. 

1910. Nautilocorystes octodentatus, Stebbing, Annals S. Afr. Mus., vol. vi. part iv. p. 311. 

My attention has been recently called by Dr Catman to the first of these 
references, which I had overlooked. The oversight was perhaps excusable, seeing 
that Mrtne-Epwarps prints the name Nawutilocorystes ocellatus as if the species 
were his own, and WuirTE, who gives reference to GRAY, gives it without date after 
his reference to MrtnE-EKpwarps ! 

Locality.—Entrance to Saldanha Bay, South Africa; depth 25 fathoms; 


Station 483. 
Tribe CATOMETOPA. 


Family GoNEPLACID &. 


1900. Gonoplacidx, Alcock, J. Asiat. Soc. Bengal, vol. lxix. p. 282. 
1910. Goneplacide, Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 312. 


Genus Goneplax, Leach. 


1814. Goneplax, Leach, Hdinb. Encycl., vol. vii. p. 430. 
1817. 5 Latreille, Régne animal, vol. iii. p. 16. 


Goneplax angulatus (Pennant). 
1777. Cancer angulatus, Pennant, British Zoology, vol. iv. p. 7, pl. v. fig. 10. 
1910. Goneplax angulata, Stebbing, Ann, S. Afr. Mus., vol. vi. part iv. p. 312. 
The Scotca specimens were taken May 18, 1904. 
Locality.—Off Dassen Island, near Saldanha Bay ; depth 35 fathoms; Station 480. 


Genus Pilumnoplax, Stimpson. 


1858. Pilumnoplax, Stimpson, Pr. Ac. Philad., vol. x. p. 93. 
1910. x Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 315. 
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Pilumnoplax heterochir (Studer). 

1882. Pilumnus heterochir, Studer, Abhandl. K. Ak. Wiss. Berlin, part ii. pp. 6, 14, pl. 1. fig. 3, a—d. 

1886. Pilumnoplax heterochir, Miers, Rep. Voy. “ Challenger,” vol. xvii. part xlix. p. 227, pl. xix. fig. 1, a-d. 

Miers and Stuper both call attention to the peculiarity in this species that the 
palm of the larger cheliped is smooth except at the base, while in the smaller 
cheliped the palm externally is covered with numerous granules. The fingers of 
both limbs retain their dark colour in spirit. SrupER says that in life the colour is 
intense orange-red, with only the fingers of the chele black. 

Locality.—Gough Island, depths 75 and 100 fathoms; the lower depth recorded 
on April 22, 1904, the other between April 21 and 23; Stations 460 and 461. 


Family GRaPsIDz. 
1900. Grapsidz, Aleock, J. Asiat. Soc. Bengal, vol. lxix. part ii. pp. 283, 389. 


Genus Grapsus, Lamarck. 


1801. Grapsus, Lamarck, Syst. Anim. sans Vertebres, p. 150. 
1900. - de Man, Mém. Soc. Zool. France, vol. xiii. p. 48. 
1910. ; Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 317. 


Grapsus maculatus (Catesby). 
1758. Cancer grapsus, Linn., Syst. Nat., ed. 10, p. 630. 
1771, 1743 (reissue 1771). Pagurus maculatus, Catesby, Nat. Hist. Carolinas, vol. ii. p. 36, pl. xxxvi. 


fig. 1. 
1908. Grapsus grapsus, Verrill, Tr. Connect. Ac. Sci., vol. xiii. p. 317, pl. x. fig. 6; pl. xi. fig. 2 (with 
synonymy). 


1910. Grapsus maculatus, Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 317. 


According to ALcock, the carapace of a large specimen is 64 mm. long and 68 mm. 
broad. In the largest of the Scotia specimens the carapace is 32°5 mm. long and 
38 mm. broad, with a front 14 mm. broad. 

Localities. St Helena, James Bay, June 1 and 2, 1904; Station 499. Ascension 
Island, June 7, 1904; Station 507. Two small specimens from the shore, Porto 
Grande, St Vincent, December 1, 1902, Station 24, appear to belong to this species. 


Genus Cyclograpsus, Milne-Edwards. 
1837. Cyclograpsus, Milne-Edwards, Hist. Nat. Crust., vol. i. p. 77. 


Cyclograpsus punctatus, Milne-Edwards. 


1837. Cyclograpsus punctatus, Milne-Edwards, Hist. Nat. Crust., vol. il. p. 78. 
1838. Gnathochasmus barbatus, M‘Leay, Annulosa of S. Africa, p. 65, pl. ili. 
1910. Cyclograpsus punctatus, Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 318. 


Locality.—Specimens of this prettily marked species, in full agreement with 
M‘Leay’s coloured figure of it, were obtained by the Scotva Expedition from the shore 
of False Bay, May 8, 1904; Station 479. 
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Genus Planes, Bowdich. 
1825. Planes, Bowdich, Excursions in Madeira and Porto Santo, p. 15, figs. 2a, 20. 
1910. »  Stebbing, Ann. S. Afr. Mus., vol. vi, part iv. p. 320. 


This genus is placed by Atcock in his division Varunine. 


Planes minutus (Linn.). 


Plate XXIV. 

1758. Cancer minutus, Linn., Syst. Nat., ed. 10, vol. i. p. 625. 

1825. Planes clypeatus, Hx. in Madeira, etc., p. 15, figs. 2a, 2b. 

1905. Planes minutus, Stebbing, Gilchrist’s Mar. Invest. S.A. Crust., part ill. p. 43. 

90S seers 5 Verrill, Tr. Connect. Ac. Sct., vol. xiii. p. 325, text-fig. 7, pl. xiii. fig. a-f, 

pl. xxvii. fig. 6. 

A very large number of specimens were obtained by the Scotia from the Gulf 
weed on June 29 and 30 and July 1, 1904. In most cases the colouring is lost, but 
in some instances there is a well-marked pattern of dark brown on a light ground. 
In this species the third maxillipeds have the fourth joint much shorter than the 
third, but quite as broad, the outer margin strongly rounded, the fifth joint inserted 
in an excavation of the front margin of the fourth, and, when folded down, not 
reaching beyond that joint’s inner edge. The principal joint of the exopod does not 
reach the end of the endopod’s fourth joint. The specimen figured was rather per- 
plexingly distinguished by retaining as preserved a dark-brown colour and showing 
oblique striz on both sides of the carapace, while also the indent below the antero-- 
lateral angles was exceptionally well marked. 

Localities.—Saldanha Bay, South Africa, 25 fathoms ; Station 483. And also from 
29° 5A’ N., 34° 10’ W..t0 88° 53° N., 82727 W. actations. 537, 538, anda ae: 


Genus Plagusia, Latreille. 
1806. Plagusia, Latreille, Gen. Crust. et Insect., vol. i. p. 33. 


1900. fs Alcock, J. Asiat. Soc. Bengal, vol. lxix. pp. 297, 436. 
1905. i Stebbing, Marine Invest. S. Afr. Crust., part iii. p. 46. 
1908. . Verrill, Z'r. Connect. Ac. Sci., vol. xiii. p. 332. 

1910. rr Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 322. 


Immature Form. 
1852. Marestia, Dana, U.S. Expl. Exp., vol. xiii. p. 487. 
1910. Pe Stebbing, Ann. S. Afr. Mus., vol. vi. part iv., p. 348, 

From the essential agreement of the mouth-organs in the adult and Megalopa 
specimens it seems clear that the form which Dana assigned to his genus Marestia 
is really a juvenile stage of Plagusia. Both forms occur abundantly together. In 
his full account of the genus ALcock invites especial attention to a feature of the 
third maxillipeds, that “their exognath has no flagellum.” But this must be taken 
with some limitation, since DE Haan figures a small flagellum for his Plagusia 
dentipes, and I find one in P. capensis. It is slender, without sete except at the 
apex, the apex in the Megalopa stage indicating faintly a second joint. 
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Plagusia capensis, de Haan. 


Plate XX VIc. 


1835. Plagusia capensis, de Haan, Crust. Japon., decas 2, pp. 31, 58. 

1837. Plagusia tomentosa, Milne-Edwards, Hist. Nat. Crust., vol. ii, p. 92. 
1905. Plagusia capensis, Stebbing, Marine Invest. S. Afr. Crust., part ili. p. 47. 
1910. Plagusia chabrus, Rathbun, Pr. U.S. Mus., vol. xxxviil. pp. 591, 616. 
1910. 53 3 Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 322. 

The reasons which I gave in 1905 for upholding the name given by pr Haan to 
this species still seem to me valid, while its identification with the obscurely described 
Cancer chabrus of LINN&US appears to be quite arbitrary. 

Locality.—Saldanha Bay, Station 483; and at the coaling jetty, Cape Town 
docks, Station 478. 

Genus Percnon, Gistel. 


1835. Acanthopus (preoccupied), de Haan, Crust. Japon., decas 2, p. 29. 
1848. Percnon, Gistel, Naturg. Thierreichs, p. viii. 

1900. .; Rathbun, Pr. U.S. Mus., vol. xxii. p. 281. 

1910. s Stebbing, Ann. S. Afr. Mus., vol. vi, pt. iv. p. 324. 


Percnon planissimus (Herbst). 


1804. Cancer planissimus, Herbst, Krabben u, Krebse, vol. iii. part iv. p. 3, pl. lix. fig. 3. 
1825. Plagusia clavimana, Desmarest, Consid. gén. Crust., p. 127, pl. xiv. fig. 2. 


a8 (1) ,, = Milne-Edwards, Régne anim., ‘‘ Undated Crust.,” pl. xxiii. fig, 3. 

1900. Liolophus planissimus, Alcock, J. Asiat. Soc. Bengal, vol. lxix. p. 489 (copious synonymy). 

1902. ss ¥3 de Man, Abhandl. Senckenbery. nat. Gesellsch., vol. xxv. part iii. p. 543, 
pl. xx. fig. 12. 

1900. Percnon planissimum, Rathbun, Pr. U.S. Mus., vol. xxii. p. 281. 

1908. a Dy Verrill, Tr. Connect. Ac. Scz., vol. xiii. p. 334, pl. x. fig. 3, pl. xii. fig. 4. 

1910. re ss Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 324. 


This strikingly marked little species has an extensive distribution, being recorded 
from the Kast Indies, Australia, New Zealand, the Cape of Good Hope, Chile, Japan, 
and the Bermudas. According to Krauss the South African specimens have the 
carapace dusky greenish brown, with a bright blue stripe down the middle, and the 
feet striped (gebindert) with reddish brown and yellow. Atcock for the Indian 
species says that “the colour in life is dark green, the nude streaks being bright 
green.” Hurzst’s figure shows the rostrum projecting strongly beyond the flanking 
lobes, which in the Scotia specimen as in the figures by DEsMargst, Mitne-Epwarps, 
and VERRILL nearly or quite equal the rostrum in length. Here also, as in VERRILL’S 
figure, several of the legs are cross-banded instead of being longitudinally striped. 

Locality.—St Vincent, Porto Grande, shore; December 1, 1902; Station 24. 


Family GECARCINIDA. 


1837. “ Gecarciniens,” Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 19 
1852. Gecarcinide, Dana, U.S. Expl. Exp., vol. xiii, p. 374. 
1894. se Ortmann, Zool. Jahrb., vol. vii. p. 732. 
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Genus Gecarcinus, Leach. 


1814. Gecarcinus, Leach, Edinb, Encycl., vol. xvii. p. 430 (see also pp. 391, 435). 
1825. 33 Desmarest, Consid. gén. Crust., p. 1138. 

1835. Ocypoda, Freminville, Ann. Sci. Nat., sér. 2, vol. iii. p. 224. 

1836 (2) Gecarcinus, Guérin, Icon. Régne Anim., “Crust.” pl. v. 

1837. ie Milne-Edwards, Hist. Nat. Crust., vol. u. p. 25. 

1858. in Saussure, Crust. Meaxique-Antilles, p. 23. 

1886. Geocarcinus, Miers, Rep. Voy. “ Challenger,” vol. xvil. part xlix. p. 217. 

1893. Gecarcinus, Stebbing, History of Crustacea, Internat. Sci. Ser., vol. lxxiv. p. 79. 


1894. 5s Ortmann, Zool. Jahrb., vol. vii. pp. 732, 740. 

1895. - Bouvier, Bull. Nat. Hist. Mus. Parts, vol. i. p. 8. 

1897. x, Rathbun, Ann. Inst. Jamaica, vol. i. No. 1, p. 24. 

1901. _ Rathbun, Bull. U.S. Fish. Comm. for 1900, vol. 11. p. 14. 
1910. 3 Rathbun, Pr. U.S. Mus., vol. xxxviil. p. 812. 


In this genus of land crabs the small terminal joints of the endopod of the third 
maxillipeds, sometimes called the palp, are completely concealed in a ventral view by 
the large fourth joint, and the angle which this joint forms with the third leaves 
open a lozenge-shaped gap between the two members of this pair of maxillipeds. 

In 1837 Mitne-Epwarps distinguished three species based respectively on the 
Cancer ruricola of Linna&us and many other authors, the Ocypoda lateralis of 
FREMINVILLE, and an Australian form which he named G. lagostoma. His new 
species agreed with G. ruricola in having the fingers of the ambulatory limbs armed 
with six rows of spine-teeth instead of the four which characterise G. lateralis. Its 
carapace was said to be smaller than that of G. rwricola, which, however, is not the 
case. The colour is not mentioned, so that the only point of distinction was left 
dependent on the third maxillipeds, in which the merus or fourth joint is described 
as having a deep fissure on its internal edge above the following joimt, while in 
G. ruricola there is no notable fissure. 


Gecarcinus lagostoma, Milne-Edwards. 


1837. Gecarcinus lagostoma, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 27. 
1886. Geocarcinus lagostoma, Miers, Rep. Voy. ‘‘ Challenger,” vol. xvii. part xlix. p, 218, pl. xviii. 


figs. 2, 2a-c. 
1893. 5 Benedict, Pr. U.S. Mus., vol xvi. p. 537. 
1893, Gecaretnas lagostoma, Ortmann, Decap. und Soniieore Plankton-Exp., p. 58. 
1894. 3 55 Ortmann, Zool. Jahrb., vol. vii. p. 740. 
1900. 5 5 Rathbun, Pr. U.S. Mus., vol. xxii. p. 277. 


Two large female specimens of this species from Ascension Island were given to 
the Scotia collection by Mr Cuatmers. They fully equal in size the specimen from 
the Challenger Expedition figured by Mrurs, and surpass it in the massiveness of the 
chelipeds. My CHatmers also presented a much smaller female, matching in size 
and colouring a male specimen taken by the naturalists of the Scotia on June 1, 
1904. These small specimens, after nearly nine years in preservative liquid, still 
have the larger part of the carapace dark purple with six light spots, one outside 
each eyelobe, the other two pairs at spaces converging towards the median groove. 


OF THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION. 269 


The colouring might easily suggest such names as the violet or purple crab, which 
have been applied to G. rwricola, and shows correspondence with the figure which 
GuERIN gives of G. lateralis. Miers says of the small specimen from Bermuda 
which he identifies with G. lagostoma, that in colour it nearly resembles specimens 
of G. lateralis, a species to which HEILPRIN and OrTMANN definitely assign it, only 
with the difference that OnrmMaNN regards G. lateralis as merely a young form of G. 
ruricola. The latter opinion is not accepted by Miss Rarupun, and does not appear 
to be tenable, if reliance can be placed on the number of spine-rows in the ambulatory 
fingers as having specific value. These rows are six in number in the small as well 
as in the large specimens of G. lagostoma. But in a specimen from Antigua, sent 
me by G. R. Forrest, Esq., which measures 58 mm. in breadth by a length of 45 mm., 
these rows are limited to four. The specimen has a very large left cheliped, with 
gaping fingers, and by the pleon and appendages is clearly an adult male. A third 
pair of carinz on the ambulatory fingers is at least indicated, though it is not spini- 
ferous. Also the fourth joint of the third maxillipeds has a fissure, though less in 
extent than that in G. lagostoma. On the whole, it is perhaps not surprising that 
authorities have varied in applying the names rwricola, lateralis, and lagostoma 
with others which are noted by Mirrs, ORTMANN, and RaTHBUN. 

The male specimen obtained by the Scotza has the pleon appendages wide apart, 
about reaching the end of the sixth segment, with a short subapical fringe directed 
outward. Breadth of carapace 43 mm., length 34 mm. 

Locality.—Ascension Island, 5 to 18 fathoms; Station 507. 


Family HyMENOSoMATID&. 


1858. Hymenosonide, Stimpson, Pr. Ac. Sci. Philad., vol. x. p. 108. 

1905. Hymenosomatidx, Stebbing, Gilchrist’s Mar. Invest., “S.A. Crust.,” part iii. p. 49. 
1906. Hymenosomide, W. H. Baker, Tr. R.S. South Australia, vol. xxx. p. 112. 

1910. Hymenosomatide, Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 331. 

As genera belonging to this family there have been named Hymenosoma, 
Desmarest, 1825; EHlamena, Milne-Edwards, 1837; Halicarcinus, White, 1846; 
Hymenicus, Dana, 1852. The specific names which have been distributed among 
these genera need to be revised by someone who can compare specimens from the 
several localities concerned. 


Genus Hymenosoma, Desmarest. 


1825. Hymenosoma, Desmarest, Consid. gén. Crust., pp. xvii, 163. 


1900. i Stebbing, Pr. Zool. Soc. London, pp. 520, 523. 

1905. 56 Stebbing, Gilchrist’s Mar. Invest., “S.A. Crust.,” part iti. p. 49. 
1907. 5 Stumpson, Smithson. Misc, Coll., vol. xlix. p. 144. 

1910. ‘ Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 331. 


In 1900 I was inclined to agree with Professor HaSwEL.’s opinion that the 


separation of Halicarcinus from Hymenosoma rested “on extremely slight points of 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 9). 38 
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distinction.” But at least in the typical species of each genus the third maxillipeds 
are very unlike, the third and fourth joints being about twice as long as broad in 
Hymenosoma orbicularis, whereas the length and breadth are. subequal in Hali- 
carcinus planatus ; besides that the details of shape are not the same. A further 
dissimilarity concerns the fingers of the walking-legs, which in H. orbicularis have 
the inner margin of the fingers smooth, but clothed almost to the tip with two dense 
rows of long plumose setz inserted on either side. In H. planatus these fingers 
have the inner margin fringed with spine-teeth alternating with sete of very 
moderate length. In the figures and description which Mr W. H. Baker supplies in 
1906 for Hymenosoma rostratus, Haswell, he represents a maxilliped agreeing with 
that of H. planatus, and says that the dactyli of the ambulatory legs “are slightly 
curved and carry a series of small teeth of about equal size with hairs between.” Thus 
the species seems unsuitable for union with Hymenosoma. Professor CHILTON in 
1907 decides that Hymenosoma depressus, Jacquinot, belongs to the genus in which 
Jacquinot placed it, and though Jaceurnor’s figure of the external maxilliped is 
obviously untrustworthy, the limbs in Curiron’s specimen had the other mark of the 
genus in “the fact that the terminal joints of the last four pairs of legs were fringed 
with hairs and looked as if they were used as swimming organs.” 


Hymenosoma orbicularis, Desmarest. 


Plate XXVa. 
1825. Hymenosoma orbiculare, Desmarest, Consid. gén. Crust., p. 163, pl. xxvi. figs. 1, la-e. 
1837. 3 Pe Milne-Edwards, Hist. Nat. Crust., vol. 11. p. 36. 
1838. (?) 53 : Milne-Edwards, Réegne anim., illustr., pl. xxxv. figs. 1, la. 


1858. Hymenosoma geometricum, Stimpson, Pr. Ac. Philad., p. 108 (54). 
1904. Hymenosoma orbiculare, Doflein, Deutsch. Tiefsee-Exp., vol. vi. p. 88. 
1905. Hymenosoma geometricum, Stebbing, Gilchrist’s Mar. Invest., ‘S.A. Crust.,” part ili. p. 50. 
1907. Hymenosoma geometriewm and Hymenosoma orbiculare, Stimpson, Smithson. Misc. Coll., vol. xlix. 
p. 144. 

1910. Hymenosoma orbiculare and Hymenosoma geometricum, Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. 
pp. 331, 332. 

1913. Hymenosoma orbiculare, var. geometricum, Balss, Schultze, Forschungsreise in Stid Afrika, vol. v. 
part ii. p. 113 (64). 

It may seem presumptuous to cancel Strmpson’s species, but it was founded on a 
single small specimen, and his remark that the “‘ feet are sparsely provided with fine, 
inconspicuous hairs,” may have been due to a quite accidental condition. DESMAREST 
gives no indication of the fringe of short setee with which the broad end of the 
female pleon is beset. His figure of the external maxillipeds shows the third joint 
much smaller than the fourth, but this misleading error is corrected by MILNE- 
Epwarbs in the illustrated edition of the Régne animal. In the chelipeds of this 
species the hand is much more swollen in the male than in the female, and the 
movable finger of the male has a tooth on the inner margin which appears to vary 
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considerably in its expansion and denticulation. Among the specimens obtained by 
the Scotia the largest, a male taken on the shore, Houtjes Bay, May 19, 1904, has 
a carapace 20 mm. long by 15 mm. broad; the next largest, a female, has the cara- 
pace 19 mm. in length, including the rostrum as in the other imstance, with a breadth 
of 15 mm. at the widest part of the granulated rim; but, in both examples, if the 
bulging lateral parts are included, the apparent breadth becomes at least equal to the 
length, in good accord with the specific name orbicularis. The short narrow pleon of 
the male is in striking contrast to the greatly expanded pleon of the female. 

Localities.—Entrance to Saldanha Bay, depth 25 fathoms, May 21, 1914; Station 
483. Within Saldanha Bay on May 19, on the shore, and in depths of 5 and 8 to 10 
fathoms, and the largest female specimen on May 20; Station 482. 


Genus Halicarcinus, White. 


1846. Halicarcinus, White, Ann. Nat. Hist., ser. 1, vol. xviii. p. 178. 
1900. - Stebbing, Pr. Zool. Soc. London, p. 521. 
1907. 69 Stimpson, Smithson. Misc, Coll., vol. xlix. p. 140. 


Further references to the genus will be deducible from the synonymy of the 
following: species :— 
Halicarcinus planatus (Fabricius). 


1775. Cancer planatus, Fabricius, Syst. Hnt., p. 403. 4 
1846. Halicarcinus planatus, White, Ann. Nat. Hist., ser. 1, vol. xviii. p. 178, pl. ii. fig. 1. 


1891, 5 7 Mocquard, A. Milne-Edwards, Miss. Cap Horn, ‘“‘Crust.,” p. 27. 
1893. 3 a Ortmann, Zool. Jahrb., vol. vii. p. 31. 

1900. ‘ is Stebbing, Pr. Zool. Soc. London, p. 524, pl. xxxvi.B. 

1902. < ¥ Hodgson, “‘ Southern Cross” Eap., p. 231. 

1903. 5 Ortmann, Princeton Exp, Patagonia, vol. iii. p. 660. 

1904, = Pe Doflein, Deutsch. Tiefsee-Exp., vol. vi. p. 87. 

1905. 5 3 Lagerberg, Schwed. Stidpol. Hxp., vol. v. part vii. p. 25. 

1909. ’ , Chilton, Subantarctic Is. N. Zealand, p. 609. 

1910. <5 ms Rathbun, Pr. U.S. Mus., vol. xxxviii. p. 570. 


Numerous specimens were obtained by the Scotia at the Falkland Islands, in 
January 1903, in Port Stanley Harbour and in shore pools at Cape Pembroke, and 
again on January 31, 1904, on the shore at Port William. In this last gathering, as in 
the earlier one from shore pools, the male specimens were distinguished by the con- 
siderable size of the chelipeds. A single specimen is labelled November 1903, 


Macdougal Bay, South Orkneys. 


Tribe OXYSTOMATA. 
1841, Oxystomata, de Haan, Crust. Japonica, decas 5, p. 111. 


Family CaLaPPID&. 


1851. Calappide, Dana, U.S. Expl. Exp., vol, xiii. pp. 390, 393. 
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Genus Mursia, Desmarest. 


1825. Mursia, Desmarest, Consid, gén. Crust., p. 108. 


1900. ,»,  Stebbing, Gilchrist’s Mar. Invest., “S.A. Crust.,” part i. p. 21 (with synonymy). 
1904. »  Doflein, Deutsch. Tiefsee-Hxp., vol. vi. p. 36. 

1906. » Rathbun, Bull. U.S. Fish. Comm. for 1903, part iii. pp. 887-8. 

190E: » Rathbun, Zr. Linn, Soc. London, vol. xiv. part ii. p. 198. 


DoFLEIN discusses the various species that had been assigned to the genus down 
to 1904. 
Mursia cristimanus, de Haan. 


1837. Mursia cristimanus, de Haan, Crust. Japonica, decas 3, p. 70. 

1839. Mursia cristimana, de Haan, Crust. Japonica, decas 4, p. 73, pl. E (mouth-organs), 

1900. Mursia cristimanus, Stebbing, S.A. Crust., part i. p. 22 (with synonymy). 

1904. Mursia cristimana, Doflein, Deutsch. Tiefsee-Exp., vol. vi. p. 38, pl. xvi. fig, 5-12, pl. xviii. fig. 1. 


To distinguish this species from M. armatus, de Haan, and its varieties or near 
allies, DoFLEIN relies especially on three characters: the front of the carapace produced 
to a sharp central tooth; the hind margin smooth, without teeth, only slightly 
undulating and carrying a fine row of granules; and thirdly, the under margin of the 
chelee beset with coarse teeth, not exceeding eight or nine in number. With these 
characters the Scotea specimen agrees. 

For determining the correct specific name the synonymy given by Dr Dortern 
introduces some perplexity. He cites M. cristimana, Latreille, from CUvVIER, 
Regne animal, ed. 2, p. 39, 1829, but the name cristimana does not occur in that 
work, so far as I can find, either on p. 39 of vol. iv. or elsewhere. On the other 
hand, DorLEIN supplies a reference which I omitted in 1900, namely, Mursia cristata, 
Milne-Edwards, in Atlas zu Cuvier, Regne animal, ed. 3, Taf. xi. fig. 1 and 1a, to 
which he attaches the date 1836. If that date can be depended on, the name of the 
species should be cristatus instead of cristimanus, since the latter is not earlier 
than 1837, so far as known. It is true that in 1837 Mitnz-Epwarps gives a reference 
to pl. xii. of the 3rd edition of the Regne animal, but it does not follow that the 
undated plate had been published a year earlier, so that pp Haan’s cristimanus may 
still hold its ground, till proof is forthcoming of the true date of publication for 
pl. xii. in the 3rd edition of the Régne animal (see additional note, p. 307). 

Locality.—Off Dassen Island, South Africa, from depth of 35 fathoms, May 18, 
1904; Station 480. 


Brachyura anomala. 


1893. Brachyura anomala (part), Stebbing, Hist, Crust., Internat. Sci. Ser., vol. Ixxiv. p. 133. 
1899. Ni er Alcock, Deep-Sea Brachyura Investigator, p. 6. 
1910. 7 ss Stebbing, Ann. S.A. Mus., vol. vi. p. 341. 


Family Dromirp ®. 
1899. Dromiide, Alcock, Journ, A.S. Bengal, vol. Ixviii. pp, 128, 135. 
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Genus Dromia, J. C. Fabricius. 
1798. Dromia, J. C. Fabricius, Suppl. Ent, Syst., p. 359. 


Dromia dormaa (Linn.). 
1763. Cancer dormia, Linu., Amoen. Acad., vol. vi. p. 413. 
1910. Dromia dormia, Stebbing, Ann. S. Afr. Mus., vol. vi. p. 342. 

A large specimen of what I suppose to be this species was obtained by the Scotea 
in lat. 48° 06’ S., long. 10° 05’ W., the depth reached by the trawl being 1742 fathoms, 
at Station 451, May 13, 1904. 

Some small specimens, taken on the shore, Houtjes Bay, Saldanha Bay, belong to 
this family, but their position in it remains for the present indeterminate. 


Genus Pseudodromia, Stimpson. 
1858, Pseudodromia, Stimpson, Pr. Ac. Sci. Philad., vol. x. p. 226 (64). 


Pseudodroma latens, Stimpson. 


1858. Pseudodromia latens, Stimpson, Pr. Ac. Sci. Philad., vol. x. pp. 226, 240. 
1910. % »  Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 340 (with references). 


Locality.—Saldanha Bay, South Africa, from 5 fathoms, May 20, 1904; Station 482. 


Family LaTREILLIDz. 


1899, Latreillide, Alcock, Journ. Asiat. Soc. Bengal, vol. lxviii. part ii. pp. 130, 165. 
1902. Latreillizde, Stebbing, Gilchrist’s Mar. Invest., “S.A. Crust.,” part i. p. 23. 


Genus Latreillia, Roux. 


1828. Latredlia, Roux, Crust. Méditerranée, part v. pl. xxii. 
1894. Latreillea, A. Milne-Edwards and Bouvier, Rés. Camp. Sct. Monaco, fasc. vii. p. 59. 


Latreillia elegans, Roux. 


1828. Latreillia elegans, Roux, Crust. Méditerranée, pl. xxii. 
1902. - »  Stebbing, S.A. Crust., part ii. p. 24 (with synonyms). 


The small specimens obtained by the Scotia indicate that the relations of length 
between the fingers and palm of the chelipeds are variable. The feathering of the 
penultimate joint of the fifth pereeopod is well shown. It is highly desirable that 
specimens of this remarkable organism should be preserved separately, if possible, 
when first captured, as otherwise they shed their limbs with vexatious freedom, 
the sharp prickles on the long, stiffly geniculating joints tending to hopeless entangle- 
ment with extraneous objects. 

Locality.—Off Pyramid Point, Ascension, from a depth of 45 fathoms, June 10, 
1904; Station 507. 
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MACRURA. 


Macrura anomala. 


1893. Macrura anomala, Stebbing, Hist. Crust., Internat. Sci. Ser., vol. xxiv. p. 147. 
1901. A; 5 Alcock, Catal. Indian Deep-Sea Crustacea, p. 204. 
1908. Heteromacrura, Verrill, Tr. Connect. Ac. Sci., vol. xiii. p. 433. 


1910. Macrura anomala, Stebbing, Ann. S. Afr. Mus., vol. vi. part. iv. p. 349. (From this reference 


other references may be traced.) 


Tribe PAGURIDEA. 
1901. Paguridea, Alcock, Catal. Indian Deep-Sea Crust., p. 205. 
1905. - Aleock, Catal. Indian Decap. Crust., part ii. p. 1. 


Family Lirnopipé. 


1853. Lithodidx, Dana, U.S. Expl. Exp., vol. xiii. p. 14380. 
1900. iS Stebbing, Pr. Zool. Soc. London, p. 530. 
130m - Aleock, Catal. Indian Deep-Sea Crust., p. 231. 


Genus Inthodes, Latreille. 


1806. Lithodes, Latreille, Gen. Crust. et Insect., vol. i. p. 39. 
1905. 53 Stebbing, Gilchrist’s Mar. Invest., ‘S.A. Crust.,” part iil. p. 69. 
1913. . Balss, Abhandl. K. Bayer. Ak. Wiss., suppl., vol. ii, part ix. p. 73. 


Inthodes antarcticus, Jacquinot. 


1843-1847. Lithodes antarctica, Jacquinot, Voy. Péle Sud, Atlas, pl. vii., pl. vill. figs. 9-14. 
1847. Lithodes antarcticus, White, Crust. Brit. Mus., p. 56. 
1849. Lithodes antarctica, Nicolet, Gay’s Hist. Chile, ‘‘ Zool.,” vol. ii. p. 182. 


1852. . fh Dana, U.S. Expl. Exp., vol. xiii. p. 427, pl. xxvi. fig. 15. 
1853. a - Lucas, Voy. Péle Sud, ‘‘Zool.,” vol. iii. p. 90. 
1891. + A. Milne-Edwards, Mission Gap Horn, “ Crust.,” p. 24. 


1905. Taine antarcticus, Lagerberg, Schwed. Siidpol. Exp., vol. v. part vil. p. 12 (giving many other 
important references). 

1910, Lithodes antarctica, Rathbun, Pr. U.S. Mus., vol. xxxvili. p. 595. 

NIcoLer says that the vernacular name of this fine crustacean is Centolla, that 
it is much appreciated as food, not only by human beings, but also by seals, which 
carry the creatures ashore and dash them against the rocks to get at the meat 
without being inconvenienced by the strong spines of the carapace. The dried 
carapace, he says, is hung up by the peasants in their cottages to act as a 
barometer, by its reddening for fine weather and becoming pale for approaching 
rain. He gives the length as 7# inches, with a stretch of the limbs reaching 29¢ inches. 
Dana says: “Specimens are often 5 inches long, with a breadth of 44 inches, 
the longest legs being 94 inches long. The exuvia of one, procured by us, was 
8 inches in length, with the longest legs 15 inches in length.” According to 
MiktovHo-Mactay (quoted by LacEerBera), at the Isle of Chiloe this crustacean 
is known as Barometro Araucano, because “the ordinary colour of the shell 
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during dry weather is light grey, which as soon as the air gets damp becomes 
gradually covered with spots of a dark (reddish) tint. The increase of humidity 
in the atmosphere makes the spots larger, so that the shell is at last quite of a 
dark (reddish) colour.” If this and Nicotet’s contrary account are both true, one 
can only infer that weather forecasts in those regions are as little to be trusted as 
in our own climate. 

The specimen obtained by the Scotea had the characteristic rostrum distally 
upturned, with two pairs of lateral teeth; between these there is a small central 
tooth ; the peduncles of the eyes are denticulate, and a large tooth on the outer 
side of each orbit projects a little beyond the eye; the pleon is practically 
symmetrical, without appendages, but with a medio-ventral process as shown in 
Jacquinor’s fig. 12. 

Length of carapace, including the rostrum, 49 mm., greatest breadth 44 mm. ; 
length of fourth pereeopods 110 mm. ; of the third not shorter. 

Locality.—Station 346. Burdwood Bank, lat. 54° 25’ 8., long. 57° 32’ W.; depth 
56 fathoms; December 1, 1903. 

Together with the above was taken a small pellucid specimen, unfortunately with 
rostrum broken off, measuring 18 mm. in breadth of carapace, by a length of 22 mm., 
allowing for the lost rostrum. As with the larger specimen, the pleon of this juvenile 
indicated that it was of the male sex. 


’ Genus Paralomis, White. 
1856. Paralomis, White, Pr. Zool. Soc. London, vol. xxiv. p. 134. 


1900. Re Stebbing, Pr. Zool. Soc. London, p. 531. 
1908. as Hansen, Ingolf-Exp., ‘‘ Crust. Malac.,” vol. ili. part 11. pp. 22, 24. 
1913. sp Balss, Abhandl. K. Bayer. Ak. Wiss., suppl., vol. ii. part ix. p. 76. 


The validity of this generic name has been questioned by BENnepict, who in 1894 
regarded it as a synonym of Hchinocerus, White, 1848. 

In 1847, in the List of Crustacea in the British Museum, WuitE named without 
defining a genus Kehidnocerus, with a species E. cobarius. In the following year, in 
the Proc. Zool. Soc. London, p. 47, pls. ii., iii., he described and figured the form in 
question as a new species and subgenus, giving the first name as Hchinocerus in the 
text, but as Echidnocerus on the plates. It may perhaps be assumed that Echinocerus 
was a misprint. However that may be, Benepicr adopted it for Jacqurnor’s 
Magellanic species, and instituted a new genus Leptolithodes for HENDERSon’s Para- 
lonis aculeatus, 1888, and several others. Subsequent opinion, however, has made 
Leptolithodes, and not Echidnocerus, a synonym of Paraloms. But that some of 
these generic divisions are not very easy to follow may be inferred from the remarks 
which Hansen makes in 1908 when describing a new species, Paralomis bower. 
After stating that “the marginal plates on the third abdominal segment are quite 
free in the male, but quite fused with the lateral plates in the female,” he adds, 


‘ 


‘as this feature in the marginal plates of the third segment is generally considered 
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an important generic character, the male should be referred to Acantholithus, 
Stimps., the female to Paraloms. Ihave preferred to place the species with the 
latter, as it shows some resemblance to P. aculeatus, Hend.” 


Paralomis granulosus (Jacquinot). 


1843-1847. Lithodes granulosa, Jacquinot, Voy. Péle Sud, Atlas, pl. viii. figs. 15-21. 
1856. Paralomis granulosa, White, Pr. Zool. Soc. London, vol. xxiv. p. 134. 


1900. a a Stebbing, Pr. Zool. Soc. London, p. 532. 
1903. 5 3 Ortmann, Princeton Exp. Patagonia, vol. iil. p, 658. 
1905. 5 ge Lagerberg, Schwed. Siidpol. Exp., vol. v. part vii. p. 14. 


The Scotia specimens of this tolerably abundant species are small, the carapace 
of the larger, a female, being 36 mm., of the smaller only 23 mm., in length and 
breadth. The variations which develop in specimens of different sizes are discussed 
by LaGERBERG, who had at his disposal six specimens, the smallest measuring 17 
mm. by 17°5 mm., while the largest, a male, had a carapace 90 mm. long and 95 mm. 
broad. He figures the last four joints of the right male chela as measuring 
133 mm. in length and displaying very conspicuous teeth on the wrist. In the 
Scotia female specimen these teeth are very prominent but less irregular. LaGEr- 
BERG records 100 m. as the greatest hitherto known depth for the occurrence of this 
species, which is practically in agreement with the Scotia record. 

Locality.—Burdwood Bank, lat. 54° 25’ S., long. 57° 32’ W.; depth 56 fathoms 
or 102 m.; December 1, 1903; Station 346. 


Family Pacurip. 
1852. Paguridx, Dana, U.S. Expl. Hap., vol. xiii. p. 435. 


Pagurus arrosor (Herbst). 
1908. Pagurus arrosor, Stebbing, Ann. S. Afr. Mus., vol. vi. part i. p. 22. 


Under the above reference I have discussed the synonymy and interesting 
ornamentation of this species. 

Locality.—A characteristic specimen, in a shell of the genus Triton, was obtained 
by the Scotia from coaling jetty, No. 1, Cape Town docks, May 14,1904; Station 477. 


Pagurus calidus, Risso. 

1826. Pagurus calidus, Risso, His. Nat. Eur, Mérid., vol. v. p. 29. 

1888. * 5 Henderson, Rep. Voy. “ Challenger,” vol. xxvii. part xix, p. 57. 

1905. " B Alcock, Indian Decap. Crust., part ii. fasc. i. p. 170 (ample synonymy). 

This handsomely coloured species is strikingly like in form to P. arrosor, as 
observed both by Mitns-Epwarps and Heuer, but in place of the scale-like mark- 
ings on the first three pairs of pereeopods, here there are quantities of pointed 
tubercles interspersed with fascicles of hairs. 

Locality.—F rom Station 507, Clarence Bay, Ascension Island, the Scotia obtained 
two specimens, each in a shell of the genus Strombus. 
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Genus Hupagurus, Brandt. 


1851. Hupagurus, Brandt, Middendorff’s Sibirische Reise, ‘‘ Zool.,” part i. p. 105. 
1900. *5 Stebbing, Pr. Zool. Soc. London, p. 534. 
1905. M Alcock, Indian Decap. Crust., part ii. fase. 1. p. 122. 


Eupagurus forceps, Milne-Edwards. 
Plate XXVIb. 


1836. Pagurus forceps, Milne-Edwards, Ann. Sci. Nat., ser. 2, ‘‘Zool.,” vol. vi. p. 272, pl. xiii. fig. 5. 

1837. ‘5 = Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 221. 

1847. Pagurus comptus, White, Pr. Zool. Soc. London, p. 122. 

1849. Pagurus forceps, Nicolet, in Gay’s Hist. Chile, *‘ Zool.,” vol. iii. p. 189. 

1849. Pagurus gayi, Nicolet, in Gay’s Hist. Chile, ‘‘ Zool.,” vol. ili. p. 190, pl. 1. fig. 6. 

1858. Hupagurus comptus, Stimpson, Pr. Ac. Philad., p. 237 (75). 

1891. - a Mocquard, in A. Milne-Edwards’ Mission du Cap Horn, ‘‘ Crust.,” p. 29. 

1900. i 5 Stebbing, Pr. Zool. Soc. London, p. 535. 

1905. Hupagurus forceps, Lagerberg, Schwed. Stidpol.-Exp., vol. v. part vii. p. 2, pl. i. figs. 1-3. 

1910. Pagurus forceps, P. comptus, P. gayi, Rathbun, Pr. U.S. Mus., vol. xxxviii. p. 598. 

LAGERBERG gives reasons for identifying EL. comptus and its varieties with the 
earlier H. forceps (Milne-Edwards). Nuicoter says that his EH. gayr is taken along 
with H. forceps on the coasts of Chile, and has the greatest affinity with it, but 
differs by the want of spines on the inner feet and the form of the left cheliped, the 
fingers of which are much more robust. Miss Ratusun, in a List of Species occurring 
From Panama to the Island of Chiloé, gives all the above-mentioned three specific 
names separately, but without discussion of their validity. One of the Scotia speci- 
mens agrees so closely with Nicouet’s figure of #. gayi in colouring, size, and features 
that there can be no doubt of its belonging to the species so named by NIcoLer, 
but the characters on which he relies do not seem to warrant its separation from 
E. forceps. 

Locality.—Port Stanley, Falkland Islands, January 20, 1903; depth 2 fathoms ; 
Station 118. 

Eupagurus modicellus, n. sp. 
Plate XXVIp. 


Among the numerous species of this genus I have not been able to find one with 
the combination of characters presented by this little form. The front of the carapace 
has a very blunt median projection and the lateral angles not produced. The eye 
peduncles are long, longer than the front. The second antenne have a slender 
acicle, not denticulate, and a long flagellum, strikingly setose, with some of the setze 
standing out very conspicuously. The endopod of the first maxilla is without a 
flagellum, and all the three pairs of maxillipeds have the exopod flagellate. In the 
third joint of the third maxillipeds the inner margin is finely denticulate, with two of 
the teeth larger than the rest. The right cheliped is much the larger. On the inner 
surface of the hand an elevation extends from the base of the finger transversely to 


the base of the wrist, and another from the tip of the thumb curves gently to meet 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 9). 39 
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the first at about one-third of its course from the base of the finger, which also on its 
inner side is traversed from tip to base by a curved elevation. On the outer side the 
hand shows a broad, slightly convex surface, bounded by sharp edges, the wrist and 
hand being denticulate on the border which is continuous with the finely serrate, 
strongly curved outer margin of the stout finger. The left chela has slender fingers 
seemingly longer than the palm. The second and third perzeopods have setze on one 
margin and fine spines on the other of the seventh joint, which ends in a pellucid nail. 
The fourth pereeopods are feebly subchelate, the fifth minutely chelate. The pleopods 
are pellucid, very unequally biramose. The telson is unsymmetrical, each lobe edged 
with small spinules. The carapace measured 2°5 mm. The specific name alludes to 
the extremely modest dimensions of the new species. 

Locality.—Pyramid Point, Ascension Island; depth 40 fathoms; Station 507 ; 
June 10, 1904. 

Genus Calcinus, Dana. 
1852. Calcinus, Dana, U.S. Expl. Exp., vol. xiii. pp. 435, 456. 
1905. - Aleock, Indian Decap. Crust., part ii. fase. 1. p. 51. 
1918. . Arata Terao, Annot. Zool. Japonenses, vol. viii. part li. p. 357. 

In this genus the eye-stalks are long and slender, the left cheliped much larger 
than the right, the fourth pereopod subchelate, the fifth chelate, the pleopods 
biramose, attached to the pleon on the left side of the second to the fifth segments in 
both sexes, the uropods much larger on the left than on the right side. 

Judging by the species represented in the Scotza collection, the first maxillipeds 
are slight in structure, but the second and third pairs of remarkable strength, especi- 
ally in regard to the exopod, the trunk of which in both pairs far exceeds the endopod 
in breadth, and in the second pair reaches far beyond the endopod’s fourth joint. 
In the third pair it does not much exceed that joint, but its basal half is much 
broader than the corresponding part in the second pair ; in both the first joint of the 
flagellum is much broader than the following joints, which are armed with the usual 
setee. In the second maxillipeds the third joint of the endopod is much shorter than 
the fourth, but only a little shorter in the third pair. In both pairs the terminal three 
joints are abundantly furnished with setiform spines, very long and crowded in the 
third pair, where this group of joints exceeds in length that of the third and fourth 
joints combined. 


Calcinus talismani, A. Milne-Edwards and Bouvier. 


Plate XXVIa. 
1892. Calcinus talismani, A. Milne-Edwards and Bouvier, Ann. Sci. Nat. Zool., ser. 7, vol. xiii. p. 225. 


1900. 7 As A. Milne-Edwards and Bouvier, Crust. Decap. “‘ Travailleur” and “ Talisman,” 
p. 173, pl. xxiii. figs, 15-18. 
1905. ae re Alcock, Indian Decap. Crust., part ii. fase. i. p. 164. 


The Scotia specimens agree well with the description and figures given by the 
eminent French authors, except that in one place, by an obvious slip of the pen, they 
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speak of the right cheliped as being the larger, and in the illustrations the two 
chelipeds can scarcely be drawn to a uniform scale, since otherwise they would be far 
from representing the relative proportions. At least in the Scotva examples the 
chelipeds answer to ALcocK’s generic definition, “the left being vastly the larger.” 
The beautiful colouring is unfortunately no longer available in our specimens to 
assist identification. That the ungues are black in the ambulatory legs may be 
common to many species. The slight curvature and basal widening of the long eye- 
stalks may be worthy of mention, and the bareness of the flagellum of the second 
antenne. ‘The length of about an inch corresponds with that assigned to the speci- 
mens obtained at St Vincent. by the French expedition. 
Locality.—Porto Grande, shore, St Vincent ; Station 24. 


Tribe GALATHEIDEA. 


1888. Galatheidea, Henderson, Rep. Voy. ‘“‘ Challenger,” vol. xxvii. p. 103. 
1913. i Doflein and Balss, Hrgebn. Deutsch. Tiefsee-Exp., vol. xx. part ii. p. 131. 


Family GALATHEID#. 
1853. Galatheidx, Dana, U.S. Expl. Exp., vol. xiii. p. 1431. 
1910. x Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p, 362. 
1913. a Doflein and Balss, Ergebn. Deutsch. Tiefsee-Exp., vol. xx. part ill. p. 131. 
Genus Munida, Leach. 
1820. Munida, Leach, Dict. Sci. Nat., vol. xxviii. p. 52. 


1891. rs Mocquard, in A. Milne-Edwards’ Miss. Cap Horn, ‘“Crust.,” p. 32. 

1899. 5 G. M. Thomson, Tr. N. Zealand Inst., vol. xxxi. p. 194. 

1905. Lagerberg, Schwed. Siidpol.-Exp., vol. v. part vii. p. 6. 

1908. "p Verrill, Tr. Connect. Ac. Sci., vol. xiii. p. 435. f 

1909. - Chilton, Subantarct. Islands of N. Zealand, part xxvi. p. 612. 

1910. i Rathbun, Pr. U.S. Mus., vol. xxxviii. pp. 559, 601. 

OTL: 38 Ortmann, Princeton Univ. Patagonian Exp., part vi. p. 659. 

1913. 7" Doflein and Balss, Hrgebn. Deutsch. Tiefsee-Exp., vol. xx, part ili. p. 141. 


Mumda subrugosus (White). 
1847. Galathea subrugosa, White, List of Crust. in Brit. Mus., p. 66 (without description). 


1852. yp 5 White, Voy. of “ Erebus” and “Terror,” pl. iii. fig. 2 (quoted by Dana 
in 1852). 

1852. Munida subrugosat, Dana, U.S. Expl. Exp., vol. xiii. p. 479, pl. xxx. fig. 7, a, 0, ¢. 

1885. i; _ Filhol, Mission de Vile Campbell, “ Zool.,” p. 425. 

1902. i, e Hodgson, “ Southern Cross,” Nat. Hist., p. 232. 


The above selection of references will enable the student to trace the unending or 
at any rate unended controversy which seeks to determine whether Grimothea gre- 
garius (Fabricius) and Munida subrugosus (White) are one and the same or two 
distinct species. FitHot, Mocquarp, LacGEerRBERG, with abundant material, affirm 
that alike in old and young specimens the notably expanded last three joints of the 
external maxillipeds distinguish M. gregarius from M. subrugosus, and ORTMANN in 
1911, Batss in 1913, agree with them. Additional distinctions are based on the 
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shape of the carapace and on its rostral and antero-lateral spines, which in the 
subrugosus form are more elongate than in gregarius. Dr Curiton, however, in 1909, 
is still unconvinced, and propounds the theory that “the foliaceous maxillipeds of 
Grimothea gregaria are associated with its pelagic habit,’ and that when it finds a 
deeper dwelling-place successive moults enable it to assume shorter, less foliaceous, and 


more infolded terminal joints to its external maxillipeds. He considers Girimothea 


novezelandix, Filhol, also a synonym of M. subrugosus. Making up for this loss to 
the genus, Miss RatHBun in 1910 determines that Grimotea gregaria, Guérin, 
1830-1831, is not the G. gregaria (Fabricius), but a distinct species, Munida cokern, 
noticed by DoFLEIN and Batss as M. cocker. 

The Scotia obtained the cast skin of a large specimen, with well-pronounced 
rostral and antero-lateral spines, which I am satisfied to call M. subrugosus. 

Locality.—Port William, Falkland Islands, January 1903; depth 6 fathoms; 
Station 118. 

Munida gregarius (Fabricius). 

1793. Galathea gregaria, Fabricius, Ent. Syst., vol. ii. p. 473. 

1820. Grimothea gregaria, Leach, Dict. Sct, Nat., vol. xviii. p. 50 (A. Milne-Fdwards). 

1891. Munida gregaria, Mocquard, in A. Milne-Edwards’ Miss. Cap Horn, ‘Crust.,” p. 32, pl. ii. 

figs. 1, la-c. 

Without venturing a decisive opinion on the controversy above considered, I can 
affirm that several little specimens obtained by the Scotia belong to the juvenile 
form described and figured by Mocqguarp as Munida gregaria (Fabricius). The 
fourth joint of the third maxillipeds is not apically produced, and the two following 
joints are distally dilated. 

Locality.—Stanley Harbour, Falkland Islands, surface ; Station 118. 


Tribe HIPPIDEA. 


1849. Hippidea, de Haan, Crust. Japon., decas 7, pp. 200 and xxii. 
1904. % Borradaile, Fauna Maldive, vol. ii. part iii. p. 750. 
1910. . Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 365. 


Family ALBUNEID A. 


1858. Albunidx, Stimpson, Pr, Ac. Philad., p. 230 (68). 

1878. Albuneidz, Miers, J. Linn. Soc, London, vol. xiv., No. 76, p. 326. 
1893. A Stebbing, Hist. Crust., p. 152. 

1907. * Nobili, Ann. Set. Nat., “Zool.,” ser. 9, vol. iv. p. 142 


Genus Albunea, Fabricius. 


1798. Albunea, Fabricius, Suppl. Ent. Syst., pp. 372, 397. 

1837. is Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 202. 

1858. Albunzxa, Stimpson, Pr. Ac. Philad., p. 230 (68). 

1878. Albunea, Miers, J. Linn. Soc. London, vol. xiv., No. 76, p. 326. 
1893. + Henderson, 7’r. Linn, Soc. London, vol. v. part. x. p. 409. 
1907. 5 Nobili, Ann. Sci, Nat., “ Zool.,” ser. 9, vol. iv. p. 142. 


| 
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Albunea guerinir, Lucas. 

1758. (2) Cancer carabus, Linn., Syst. Nat, ed. 10, vol. i. p. 632 (reprint). 

1849. Albunea symnistu, Lucas, Expl. Algérie, “ Crust.,” p. 27, pl. ili. figs. 2, 2a. 

1853. Albunea guerinii, Lucas, Rev. et Mag. Zool., sér. 2, vol. v. pp. 45-47, pl. 1. figs. 9, 9a, 4, 6, c. 

1858. Albunza guerini, Stimpson, Pr. Ac. Philad., p. 230 (68). 

1878. Albunea guerinii, Miers, J. Linn. Soc. London, vol. xiv., No. 76, p. 327. 

In regard to this handsome species, Miers says: “It is possible that this is the 
species described by Linnaus (Syst. Nat., p. 1052) from the Mediterranean, under 
the name of Cancer carabus.” Considering the locality and the unusually full 
description which Lrnnaus had given in the earlier edition of his Systema, it seems 
even highly probable that his C. carabus is the species with which we are here 
concerned. That the flattened eye-stalks, tapering to little black dots, should have 
been mistaken for movable parts of a divided rostrum, is not so very surprising for 
times when observers trusted much to unaided eyesight. From the typical species 
of the genus A. symmysta (Linn.), 1758, the present is distinguished by the terminal 
joint of the third perzeopods, which is without the narrow linear lobe conspicuous in 
the type. This deficiency, however, it shares with A. microps, Miers, and A. thur- 
stont, Henderson, from the Hast Indies. The Scotia specimen has a very small 
rostral tooth in the central concavity of the frontal margin; there are eight very 
distinct teeth on either side of this margin, the outermost four being the largest, 
and the one next the eyes being larger than the intermediate three. A strong spine 
projects over the front border of the pterygostomian region, and a smaller one arms 
the basal joint of the outer antenne. The three terminal joints of the third maxilli- 
peds are ventrally and laterally carinate. The oval telson is dorsally grooved down 
the centre nearly to the end, the apex being drawn out subacutely. Length of cara- 
pace at centre 17 mm., at longest part 23 mm.; breadth 23 mm.; first antenne 48 mm. 
long ; telson 7 mm. long by slightly over 4 mm. broad. 

Locality. James Bay, St Helena, June 2, 1904; Station 499. 

Lucas in his fig. 9, 1853, shows a frontal margin with three little teeth near the 
eye, and outside of these six larger ones, stating in his text that the teeth are “ ordi- 
nairement au nombre de neuf,” in contrast to A. symmysta, in which they vary 
between eleven and fourteen. The figure of a finger is marked 90, and likewise the 
figure of two pleon-segments with the uropods. 


Macrura genuina. 


Tribe SCYLLARIDEA. 
1893. Scyllaridea, Stebbing, Hist. Crust., Internat. Sci. Ser., vol, xxiv. p. 191. 


Family ScyLLARIDA. 


Genus Scyllarides, Gill. 
1898. Scyllarides, Gill, Science, new ser., vol, vil. p. 98. 
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Scyllarides elisabethe (Ortmann). 


1897. Scyllarus elisabethe, Ortmann, Zool. Juhrb., vol. x. p. 270. 
1908. Scyllarides elisabethe, Stebbing, Ann. S. Afr. Mus., vol. vi. part i. p. 30, pl. xxx. 


Locality. —Off St Helena harbour, between 45 and 55 fathoms; June 2, 1904. 


Family PAaLInurIp&. 
1888. Palinuride, Bate, Rep. Voy. “ Challenger,” vol. xxiv. p. 74. 


Genus Jasus, Parker. 
1883. Jasus, Parker, Nature, vol. xxix. p. 190. 


Jasus lalandia (Milne-Edwards). 

1837. Palinurus lalandii, Milne-Edwards, Hist. Nat. Crust., vol. i. p. 293. 

1884. Jasus lalandii, Parker, Tr, New Zeal. Inst. for 1888, p. 304. 

LOLOL 5 a Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 374. 

1913. Palinurus (Jasus) lalandit, Gilchrist, J. Linn. Soc. London, vol. xxxii. No. 216, p. 225, plate. 

The Scotca obtained this abundant species at the entrance to Saldanha Bay, 
depth 25 fathoms. Dr GitcHrist has recently given an interesting description and 
figure of a larval stage, for which he coins the new term “ naupliosoma.” 


Tribe PEN AIDEA. 
1888, Penxidea, Bate, Rep. Voy. “ Challenger,” vol. xxiv. p. 219. 


Family Penz1p&. 


1881. Penxidx, Bate, Ann. Nat. Hist., ser. 5, vol. viii. pp. 171, 173. 
1888. * Bate, Rep. Voy. ‘‘ Challenger,” vol, xxiv. p. 220. 


During the present century many important contributions have been made to our 
knowledge of this family, especially by Atcocx, Bouvier, Kemp, and pe May. 


Genus Gennadas, Bate. 
1881. Gennadas, Bate, Ann. Nat. Hist., ser. 5, vol. viii. pp. 171, 191. 


1888. Fe Bate, Rep. Voy. “ Challenger,” vol. xxiv. pp. 229, 339. 
1895. ap Faxou, Mem. Mus. Comp. Zool. Harvard, vol, xviii. pp. 204, 207. 
1901. i Aleock, Indian Deep-Sea Macrura, p. 45. 


1904, 7 Rathbun, Harriman-Euap., ‘‘ Decap. Crust.,” p. 147. 

1906. Fs Rathbun, U.S. Fish. Comm. for 1903, part iii. p. 907. 

1906. = Bouvier, Bull. Mus. Océan. Monaco, No. 80, p. 1. 

1908. * Bouvier, Camp. Sci. Monaco, vol. xxxiii. p. 24. 

1909. A Kemp, Pr. Zool. Soc. London, p. 718. 

1910. A (as distinct fron. Amalopenexus), Kemp, Fisheries, Ireland, 1908, p. 13. 
HOME = de Man, “ Stboga” Hap., vol. xxxixa. pp. 5, 15. 

1913. <, de Man, “ Siboga” Exp., vol. xxxixA., pls. 1., U. 


In 1911 DE Man enumerates fifteen named and two unnamed species assigned to 
this genus, with their distribution. He also thinks it probable that the species from 
the Bay of Bengal, referred by Atcock to G. parvus, Bate, is distinct from that 
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species. The list comprises two species originally described by 8. I. Smiru as Amalo- 
penzus elegans (1882) and A. valens (1884), and a third which Smirx described, 
also in 1884, as Benthesicymus ? carinatus. 

In this genus the male petasma or “andricum,” where, as in many cases, it has 
been carefully figured, appears to be very serviceable for specific distinction. 


Gennadas kemp, n. sp. 
Plate XXVII. 


In spite of its mutilated condition, the specimen here described seems properly 
separable from other known species. It makes a near approach to G. elegans in the 
outlines of the carapace, in the proportions of the third pereeopod, and in having 
only one pair of spines at apex of the strongly sulcate telson. But there are several 
differences. The second joint of the first antennz is not shorter than the third. 
The scale of the second antenne is produced well beyond the little lateral tooth. 
The curved spines behind the narrow apical process of the endopod in the second 
maxilla are four in number, two much more curved than the others. In the first 
maxilliped the exopod is shorter instead of longer than the endopod. The petasma 
is nearer to that of G. calmam, Kemp, than any other that has been figured, but is 
more truncate; the inner opposed margins are straight, lined with a multitude of 
little coupling hooks. The first pleon segment is ventrally produced to a sharp point, 
and in G. calmanz it is said to carry “a very strong, sharply pointed spine,” which 
may mean the same thing. The apex of the telson is truncate, not rounded, with 
five plumose setz between the single pair of spines, as in G. bowverr, Kemp. 
G. calmani has (whether invariably or not is uncertain) eleven sete between two 
pairs of spines, subject to the variation of a single pair. It agrees with our species 
in the four curved spines of the second maxilla, but differs in the longer exopod of 
the first maxilliped. Both species belong to the group which have the fourth joint 
of the third perzeopod longer than the fifth, and in both the fingers of the chela in 
that limb are subequal to the palm, but in G. calmani the chela is half as long as 
the fifth joint, whereas in the new species it is more than half as long. Other differ- 
ences between these closely connected species will be found in the two pairs of 
antenne. In the first pair G. calmani has the second joint not equal to the third, 
but “fully three-quarters the length” of it; in the second pair the scale is scarcely 
at all produced beyond the lateral tooth. Through the condition of the respective 
specimens many features are not available for comparison. As described and figured 
by Bate for his G. parvus, the second pleopods have at the apex of the peduncle 
on the inner side two membranous leaf-like appendages. In Barr's figure these 
show setules on the outer margin distally. In our species one of these is somewhat 
bean-shaped, without any armature; the other, lying between it and the endopod, 
is oval, having much of its inner and distal margin fringed with little, somewhat 
curved, spinules. One of the stations at which G. parvus was obtained by the 
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Challenger was in lat. 37° 49’ N., long. 166° 37’ W., mid ocean, North Pacific, trawled 
from the reputed depth of 3050 fathoms, which, as will be seen, exceeds that assigned 
to the Scotia species, here named out of respect to Mr StanitEy Kemp. 

Locality —Lat. 39° 48’ S., long. 2° 33’ E., trawl 2772 fathoms; Station 468. 

A fragment of another Gennadas was taken at Station 450, lat. 48° S., 9° 50’ W., 
in company with Petalidium foliaceus. It belongs not improbably to Gennadas 
parvus, Bate. 

Family LEvciFrERIDz. 


1837. “ Leucifériens,” Milne-Edwards, Hist. Nat. Crust., vol. ii. pp. 451, 467. 
1852. Sergestidex, Dana, U.S. Expl. Exp., vol. xiii. p. 601; “ Luciferidex,” pp. 636, 668. 
1905. a Stebbing, Gilchrist’s Marine Invest., “S.A. Crust.,” part iii. p. 80. 
Under the last reference an extended notice is supplied of the bibliography of 
this family, in which the primary genus bore the preoccupied name Lucifer, changed 
to Leucifer by Mitne-Epwarps. 


Genus Petalidium, Bate. 
1881. Petalidium, Bate, Ann. Nat. Hist., ser. 5, vol. viii. pp. 172, 194. 


1888. 5 Bate, Rep. Voy. ‘ Challenger,” vol. xxiv. p. 348. 
1896. 5 H. J. Hansen, Pr. Zool. Soc. London, p. 936. 
1903. “5 H. J. Hansen, Pr. Zool. Soc. London, p. 52. 


HANSEN accepts two species for this genus, P. foliaceus, Bate, and P. obesus 
(Kréyer), the former having no branchia above the fourth perzeopod, but the latter 
having at least a rudimentary one in that position. He considers that Petalidiwm 
is distinguished from Sergestes chiefly by the structure of the pleurobranchial plumes, 
feebly developed on the second maxilliped, most developed over the first and second 
perzeopods, but less so over the third maxilliped and third perzeopod. The pleuro- 
branchial plumes in Petalidiwm, he points out, have a much lower number of rows, 
a much lower number of plates in the rows, with the plates much larger, curved 
upwards, and looking much more independent than those in Sergestes. 


Petalidium foliaceus, Bate. 


Plate XXVIII. 
1881. Petalidium foliaceum, Bate, Ann. Nat. Hist., ser. 5, vol. viii. p, 194. 


1888. BS rt Bate, Rep. Voy. ‘ Challenger,” vol. xxiv. p. 349, pl. lx. 
1896. Fe i Hansen, Pr. Zool. Soc. London, p. 936. 
1903. 7 - Hansen, Pr. Zool. Soc. London, p. 52, pl. xi. fig. 1, a-g. 


Almost all the figures of this rare species had been drawn before I realised its 
identity with that partially described by Bare and Hansen. Attention may be 
called to the agreement in this plate with Hansen’s fig. la of the rostrum. Bats 
had already noticed the small tubercle adjoining the dark pigment of the eye. 
HANSEN notes as at least sometimes present another tubercle, exceedingly small, 
lower down, both being represented in his fig. 1d, and well seen in the Scotia speci- 
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men. Bare speaks of the first joint of the first antennee as furnished with a short, 
obtusely pointed stylocerite. Hansmn’s fig. 1b shows it, as I do, with a very small 
acute tooth near the middle of the outer margin. The mandibles are not in agree- 
ment with Bartr’s figure, except in regard to the penultimate joint of the palp, which 
is of substantial proportions, not slender, as the mandibular palp is generally said to 
be in species of Sergestes. The first and second maxille are not notably different 
from those in the last-named genus. In describing the first maxillipeds, Barr speaks 
of the third or outer branch as free from hairs, which is at any rate not always the 
case, though they might easily be missing by accident. The substantial character 
and strongly spinose armature of the second maxillipeds may be judged from the 
figure. The third, fourth, and fifth joints are subequal in length, while the sixth is 
rather longer than any one of them. The seventh joint is short, blunt, narrow at the 
base, widening towards the middle. 

In the first perzeopods the third and fifth joints are nearly equal in length, and 
similarly the much more elongate fourth and sixth, both which are strongly spined, 
the sixth faintly showing division into about fifteen jointlets. The fifth joint has on 
its inner margin four spines of very conspicuous length, and distally a group of short 
curved spines to antagonise with a similar group at the base of the sixth joint, as 
in the genus Sergestes. The fourth pereeopod is long and slender, the fifth slender 
and short. 

The Challenger specimens were all females or not fully adult. It is therefore of 
interest now to have one with the petasma of the male uninjured. Its complicated 
structure will be best understood from the figure, although that omits one of the 
median plates which are in contact at the base, and only hints at an additional 
pair lying beneath the slender terminal pair and for the most part concealed by it. 
The numerous hooks with which the various projecting lobes are studded probably 
resemble those which Professor S. I. SmrrH has figured for his Sergestes robustus, 
enlarging them one hundred diameters (U.S. Rep. Comm. Fish, 1884, pl. viii. 
fig. 6a, 6b). The second pleopod of a specimen which I take to be a female has, in 
attachment to the short inner branch, a narrowly laminar appendage of considerable 
length, distally furnished with setee on the surface and apically with several 
unequal spines. The inner branch of the uropods is considerably longer than the 
telson, but shorter than the outer branch. In every case, as with the scale of the 
second antenne, this outer branch is apically damaged, the existing portion having 
the outer margin smooth and unarmed. The telson in the basal half is more or less 
parallel-sided, the distal half strongly tapering and ending abruptly in a sharp point, 
the distal part setose at the sides. 

Length of specimen figured 42°5 mm., of which the carapace occupied 11°5 mm. 
In lateral view the hind margin of the carapace forms a double curve. Among the 
pleon segments the shortness of the fifth and length of the sixth are conspicuous. 


Locality.—lLat. 48° 00’ 8., long. 9° 50’ W.; depth 1332 fathoms; Station 450. 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 9). 40 
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Tribe CARIDEA. 
1852. Caridea (part), Dana, U.S. Expl. Hxp., vol. xiii. p. 528. 


Family PaLamonipZ. 


1819. Pulemonide (part), Leach, in Samouelle’s Entomologis!’s Compendium, p. 96. 
1852. Palemonine (subfam.), Dana, U.S. Hapl. Exp., vol. xiii. p. 569. 
1888. Palxmonidx, Bate, Rep. Voy. “‘ Challenger,” vol. xxiv. pp. 711, 778. 


1890. A Ortmann, Zoo/. Jahrb., vol. v. p. 512. 

1894. 7 Alcock and Anderson, J. Asiut. Soc. Bengal, vol. lxiii. part 2, No. 3, p. 17. 
1897. 3 Ortmann, Revista do Museo Paulista, N. 2, p. 186. 

1901. - Rathbun, U.S. Fish. Comm. for 1900, vol. ii. p. 123. 

1902. 3 de Man, Abhandl. Senckenb. Gesellsch., vol. xxv. part ii, p. 763. 

1906. 7 Kemp, Fisheries, Ireland, 1905, p. 127. 

1907. es Borradaile, Ann. Nat, Hist., ser. 7, vol. xix. p. 472. 

1912. 5 de Man, Ann. Soc. Zool. Belgique, vol. xlvi. p. 197. 


Those who study the authorities above cited will find that different views have 
been and to some extent still are held as to the proper contents of this family. 
The material, however, on this occasion at my disposal does not require, and would 
not facilitate, any thorough discussion of the subject. 


Genus Leander, Desmarest. 


1849. Leander, Desmarest, Ann. Soc. Entom. France, sér. 2, vol. vii. pp. 87, 91. 
1860. f Stimpson, Pr. Ac. Sci. Philad., vol. xii. p. 40 (109). 

1888. 53 de Man, Arch. Naturg., vol. lili. p. 559. 

1888. Palemon, Bate, Rep. Voy. “ Challenger,” vol. xxiv. p. 781. 

1890. Leander, Ortmann, Zool. Jabrb., vol. v. p. 513. 

1893. 5 Stebbing, Hist. Crust., Internat. Sci. Ser., vol. lxxiv. p. 246, 
1901. Palemon, Rathbun, U.S. Fish. Comm. for 1900, vol. ii. pp. 123, 125. 
1906. Leander, Kemp, Fisheries, Ireland, 1905, p. 127. 


Leander squilla (Linn.). 
1758. Cancer squilla, Linn., Systema Nature, ed. 10, p. 632. 
1798. Palemon squilla, Fabricius, Suppl. Ent. Syst., p. 403. 
1884. Leander squilla, Czerniavsky, Mat. zoogr. Pont. comp., fase. ii. p. 48 (with synonymy). 
1890. 53 » Ortmann, Zool. Jahrb., vol. v. p. 522, pl. xxxvii. fig. 15. 
1906. 5; » Kemp, Fisheries, Ireland, 1905, pp. 129, 132, pl. xx. fig. 3, a—e. 
CZERNIAVSKY supplies a vast bibliography and names two varieties. Kump gives 
a synoptic view of the characters which separate this species from L. serratus 
(Pennant) and L. adspersus (Rathke). In the latter two the palp of the mandible is 
three-jointed, while in ZL. squilla, as discovered by Caiman, it is two-jointed, a 
feature which it shares with L. tenuirostris (Say). The rostrum is armed above with 
from seven to ten teeth, below with three, or rarely two or four, and has a bifid apex. 
The telson agrees with that described later on for L. affinis. In the first antenns 
the shortest flagellum has the number of free joints subequal to that of the coalesced, 
in the specimen examined the number being in each case eleven, and the two sets 
equal in length. Kemp speaks of the shorter ramus as fused to the longer for about 
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two-fifths of its length. In the second maxillipeds the last joint reaches beyond the 
penultimate without making a neatly continuous curve. The second pereeopods 
reach beyond the scale of the second antennee by the whole length of the sixth joint, 
which is a little longer than the fifth, as the fifth is than the fourth; the seventh 
joint is rather more than half as long as the palm of the sixth. 

Locality.—St. Vincent, Porto Grande ; Station 24. 


Leander affinis (Milne-Edwards). 


1837. Palemon affinis, Milne-Edwards, Hist. Nat. Crust., vo!. ii. p. 391. 
1852. Palxmon afinis, Dana, U.S. Expl. Exp., vol. xiii. p. 584; (1855) pl. xxxviili. fig. 0, a-g. 


1888. = » Bate, Rep. Voy. “ Challenger,” vol. xxiv. p. 782, pl. exxviii. fig. 5, a, d, 7. 
1888. A » Witmer Stone, in Heilprin, Pr. Ac. Sci. Philad., pp. 318, 322. 

1890. Leander affinis, Ortmann, Zool. Jahrb., vol. v. p. 521. 

1893. 5 » Ortmann, Hrgebn. Plankton-Exp., vol. ii., G. b., p. 47. 


1901. Palxmon affinis, Rathbun, U.S. Fish. Comm. for 1900, vol. ii. p. 125. 
1910. Leander squilla, Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 386. 

This species was named for its affinity to Leander squilla, rather inappropriately 
as it has proved, since the latter species belongs to the group which has the 
mandibular palp biarticulate, while here it is three-jointed. Moreover, in the first 
antennee the shortest flagellum has the number of free joints greater than that of 
the coalesced joints, which is not the case in LZ. squilla. Barve observes in regard to 
his Australian specimens, as a remarkable circumstance, “that neither of the flagella 
of this pair of antennz has attached to it any of the membranous cilia so common in 
the order.” In our specimens the short flagellum is well provided with the usual 
filaments, but they are short, and might easily escape notice. Dana supplies some 
good figures of the mouth-organs. But the outermost division of the first maxilla is 
represented much shorter than it is in our specimens. It is possible that Dana saw 
it foreshortened. The continuity of curve between the last two joints of the second 
maxillipeds is well shown in Dana’s figure. The terminal joint of the third 
maxilliped is represented both by Bare and Dana as relatively shorter than it is in 
our specimens, especially in the larger ones. As to the second perzopods, Dana gives 
the “ fingers much less than half the length of the hand” ; Miss Rarusun gives “ palm 
1°5 times as long as the fingers”; Bare allows the chela to be “about half the 
length of the palm”; his figure, however, is in near agreement with Miss RatuBun’s 
estimate. Ina species ranging from Porto Rico to New Zealand some amount of 
variation may well be expected. Dana describes the apex of the telson by saying 
“extremity of abdomen very narrow, having three minute spinules, and between 
them two longish sete.” Bars, speaking of the telson, says: “On each side within 
the margin are three small spinules, and the distal extremity is fringed with a few 
hairs.” In our specimens the telson ends in a spine-like median process, the base of 
which joins the lateral margins by slightly oblique lines, with a spine at each angle, 
and between these spines and the median process are two other spines nearly three 
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times as long, separated by two densely plumose sete, nearly as long as the spines 
and emerging from below the median process. The length of the species is given by 
BaTE as 24 mm. for the male and 33 mm. for the female; by Miss Rarupun as 
35°5 mm. for an ovigerous female; by Dana as two inches for his New Zealand 
specimen ; and though some of the South African specimens do not attain to this size, 
others exceed it, reaching 2? inches. 

Locality.—Saldanha Bay, May 19, 1904, 8-10 fathoms; Reitz Bay, May 20, 1904, 
5 fathoms; Station 482. 

Leander tenwicornis (Say). 

1818. Palemon tenwcornis, Say, J. Ac. Sct. Philad., vol. i. part i. p. 249. 

1837. Palemon natator, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 393 (P. tenuwirostre, p. 395). 

1849. Leander erraticus, Desmarest, Ann. Soc. Entom. France, ser. 2, val. vii. p. 92, text-fig. on p. 93. 

1860. Leander natator, Stimpson, Pr. Ac. Sct. Philad., vol. xii. p. 40 (109). 

1879. Leander tenuicornis, S. I. Smith, Tr. Connect. Act., vol. v. p. 122. 

1884. Palemon tenuirostris, Carus, Prodr, Faunx Mediterranez, part ii. p. 474. 

1888. Leander natator, de Man, Arch. Naturg., vol. liii. p. 563. 

1888. Palemon natator, Bate, Rep. Voy. ‘“ Challenger,” vol. xxiv. p. 784, pl. exxvill. figs. 6, 7. 

1890. Leander natator, Ortmann, Zool. Jahrb., vol. v. p. 525. 

1893. Leander tenuicornis, Ortmann, Ergebn. Plankton-Exp., vol. ii., G. b., p. 48. 

1908. = 7 Verrill, Tr. Connect. Act. Sci., vol. xiii. pp. 326, 377. 

VERRILL mentions this species along with Latreutes fucorwm and the crabs Lupa 
say, Gibbes, and Planes minutus (Linn.), as constant tenants of the Gulf weed. 
ORTMANN agrees with DE Man in regarding pE Haan’s Palemon latirostris as a 
synonym of this species, although pr Haan, like Desmargst, describes the lower 
margin of the rostrum as without teeth, while Say gives the rostrum eleven or 
twelve teeth above and six or seven below. A dissected specimen shows twelve 
above and six below; the teeth in this species are much beset with sete, especially 
on the lower margin. Of the lateral spines of the carapace the lower one stands 
back from the margin, instead of adjoining it as in L. squilla and L. affinis. The 
eyes in several specimens retain traces of two parallel colour bands across the 
ophthalmic area. The first antennee have the shortest flagellum united with its 
partner for a very short space. The mandibles have a very slender two-jointed palp, 
the second joint much the longer. The first maxille ditfer very slightly from those 
of the other two species, except that the apical series of spines on the inner plate is 
not continued on to the lateral margin. In the second maxillipeds the terminal 
joint is produced well beyond the penultimate, with no continuity of curve between 
them. In the dissected specimen the first pereeopods have the fourth joint longer 
than the fifth, which is slightly shorter than the sixth; the fingers of the chela are 
considerably longer than the palm. In the second pereeopods also the fourth joint is 
a little longer than the fifth, which is decidedly shorter than the sixth, but here the 
fingers are only a little longer than the somewhat inflated palm. The telson ends apic- 
ally much as in the other species, except that the long spines are at least five times 
as long as those at the angles, and, though separated by the median process, beyond it 
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they come close together, covering the median sete. Among our specimens one had 
the second perzeopods of unequal size, in one both first and second pereeopods were 
represented only by blunt-ended, few-jointed stalks, in some cases only one of the 
second pair was present. It is likely that these powerful grasping limbs are much 
subject to injury. The length of an ovigerous female was 40 mm. between apices of 
rostrum and telson. 

Localities.—Gulf weed, June 29, 1904, lat. 29° 54’ N., long. 34° 10’ W.; June 30, 
fo04 Jat, 32° 11 N., long. 34° 10’ W.; and July 1, 1904, lat. 38° 53’ N., long. 32° 
oe W.: Stations 537, 538, 539. 

Family Hrprotytip&. 
1888. Hippolytide, Bate, Rep. Voy. ‘‘ Challenger,” vol. xxiv. pp. 503, 576. 


1893. * Stebbing, Hist. Crust., Internat. Sci. Ser., vol. xxiv. p. 233. 
1901. rf Rathbun, U.S, Fish Comm. for 1900, vol. ii. p. 113. 

1906. i Calman, Ann. Nat. Hist., ser. 7, vol. xvii. p. 30. 

1907. 5 Borradaile, Ann. Nat. Hist., ser. 7, vol. xix. p. 472. 

1907. . Calman, Nat. Antarct. Exp., vol. ii., ‘Crust.,” p. 1. 

1910. % Kemp, Pisheries, Ireland, 1908, p. 99. 

1912. By G. O. Sars, Arch. Naturv., vol. xxxii., Nos. 5, 7, 9. 


Genus Hippolyte, Leach. 
1814. Hippolyte, Leach, Edinb. Encycl., vol. vii. p. 431. 
1860. Virbius, Stimpson, Pr. Ac. Sct. Philad., p. 35 (prodromus, p. 104). 
1878. Caradina, Bate, J. Roy. Institution Cornwall, vol. v. p. 486. 
1888. Hippolyte, Bate, Rep. Voy. “ Challenger,” vol. xxiv. pp. 576, 587. 

In his Challenger Report Barr recognises that as Hippolyte was originally 
founded for the single species H. varians, Stimpson, by including that species in 
Virbius, condemned his own genus as a synonym to that named by Leacu, and for 
the same reason among others BaTE saw that his isolation of a species as Caradina 
varians (Leach) must be withdrawn. At the same time he notices that MILnr- 
Hpwarbs’ genus is Caridina, not Caradina, but prints Verbius in place of Virbius. 

In this genus the mandible has a cutting edge and molar but no palp. The first 
perzeopods have a short stout .chela, the second have a more slender chela and a 


triarticulate wrist. 
Hippolyte acununatus Dana. 


1852. Hippolyte acuminatus, Dana, U.S. Hapl. Eap., vol. xiii. p. 562; (1855) pl. xxxvi. fig. 1, a-e. 

1860. Virbius acuminatus, Stimpson, Pr. Ac. Sci. Philad., vol. xii. p. 36 (105). 

1888. Hippolyte bidentatus, Bate, Rep. Voy. ‘ Challenger,” vol. xxiv. p. 591, pl. cv. figs. 1, 2. 

1893. Virbius acuminatus, Ortmann, Ergebn. Plankton-Eup., ii. G. b., p. 46. 

This species has been efficiently described and figured by Spence Bars, who 
named it bidentatus, evidently in allusion to the pair of teeth extending subdorsally 
from the hind margin of the fifth pleon segment. Dana takes no notice of this 
character. But these little pellucid processes are not very easy to observe, and the 
probability is that Dana overlooked them. ‘Though a single tooth on the under side 
of the rostrum appears to be usual, one of the Scotia specimens has three teeth 
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in that position. Bare says that the stouter flagellum of the first antenne is 
“divided into about ten or twelve articuli,” which agrees with the Scotia specimen, 
that having eleven joints in one member of the pair and twelve in the other; but in 
both, contrary to Batr’s figure, the two terminal joints are narrow, these and the 
preceding joint being without filaments. Dana describes this flagellum as five- or 
six-jomted, and figures it accordingly. He assigns twelve to fourteen joints to the 
longer flagellum, Bare gives it twelve or fifteen, and our specimen shows seventeen. 
Dana gives the length as varying from three-quarters of an inch to an inch, and this 
agrees with the Scotva specimens. 

Localities.—Gulf weed, lat. 18° 43’ N., long. 27° 46’ W.; 27° 23’ N., 33° 06’ W.; 
32 11 N. 384° 10 Wee Stations 9382, 5386)038: 


Genus Latreutes, Stimpson. 


1860. Latrewtes, Stimpson, Pr. Ac. Set. Philad., vol. xii. p. 27 (96). 
1888. a Bate, Rep. Voy. “ Challenger,” vol. xxiv. pp. 576, 581. 
1890. 5 Ortmann, Zool. Jahrb., vol. v. p. 505. 


1893. = Stebbing, Hist. Crust., Internat. Sci. Ser., vol. Ixxiv. p. 234. 
1893. en Ortmann, Hrgebn. Plankton-Exp., vol. ii. G. b., p. 47. 
1901. F Rathbun, U.S. Fish. Comm. for 1900, vol. ii. p. 114. 


1906. - Calman, Ann. Nat. Hist., ser. 7, vol. xvi. pp. 31, 33. 
1907. 5 de Man, Vr. Linn. Soc. London, vol. ix. part x1. p. 421. 
1914, % Balss, Abhandl. K. Bayer. Ak. Wiss., vol. 11, part x. p. 46. 

ORTMANN and CaLMAN include part of Barr’s genus Platybema under Latreutes, 
and Batr’s Platybema rugosus is transferred by CaLMAN to a new genus Trachycaris 
on the ground that Platybema was nullified through Batr’s erroneous supposition 
that pp Haan’s planirostris was in generic agreement with rugosus. Had he left 
DE Haan alone, his genus would have been unimpeachable. According to ORTMANN, 
1893, confirmed by CaLMAN, 1906, Stimpson was in error in attributing an epipod to 
each of the first four pereeopods instead of only the first three. It may be noticed 
also that Mrtne-Epwarps, in describing the type species, assigns only two subdivisions , 
to the wrist of the second perzeopods, whereas there are three. 


Latreutes fucorum (Fabricius). 


1798. Palemon fucorum, Fabricius, Suppl. Ent. Syst., p. 404. 
1837. Hippolyte ensiferus, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 374. 


1852. Ms Dana, U.S. Expl. Hap., vol. xiii, p. 562. 

1860. Latreutes ensiferus, Stimpson, Pr. Ac. Sct, Philad., vol. xii. p. 27 (96). 

1888. 5 Ae Bate, Rep. Voy. “ Challenger,” vol. xxiv. p. 583, pl. civ. fig. 1, d-7, k-m, q. 
1890. 3 5 Ortmann, Zool. Jahrb., vol. v. p. 507. 

1893. ‘5 Ortmann, Ergebn. Plankton-Exp., vol. ii. G. b., pp. 47, 60. 

1901. B _ Rathbun, U.S. Fish. Comm. for 1900, vol. ii. p. 114. 

1906. “ Calman, Ann. Nat. Hist., ser. 7, vol. xvii, p. 33. 


1910. Hippolyte ae Stebbing, Ann, S. Afr. Mus., vol. vi. part iv. p. 390. 
Bate says: “ Palemon fucorum, Fabricius (Suppl. Entom. Syst., p. 404), un- 
doubtedly belongs to this genus,” He was deterred from identifying it with the 
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present species because Fasrictus describes the carapace as smooth, without mention 
of the little tooth on the gastric region. But, at the date when Fasricius wrote, 
such a tooth might easily have escaped notice or not have been thought worth 
mentioning as interfering with the general smoothness of the carapace. On the 
other hand, among the Malacostraca frequenting the Gulf weed there is, I believe, 
no other species with a smooth, apically quinquedentate rostrum such as Fasricrus 
assigns to his P. fucorum, so that I cannot agree with Onrmann’s verdict in 1893 
that it is a quite apocryphal species. So far as I have observed, the serration of the 
apex has five points more frequently than any other number, but the variation 
extends from one to nine, the only number within these limits that I have not found 
being eight. The antero-lateral corners of the carapace are serrate, according to BaTE 
with five or six points, according to Ratapun with five to eight. In one of our 
specimens there were seven points on one corner and eight on the other. Another 
specimen has eleven points on one side; those on the other side were not counted. 
FABRICIUS gives the size as only a third of P. squilla, which well suits the present 
identification, as the length of L. ensiferus varies in different estimates from half an 
inch to an inch. Of those taken at Station 539, it was recorded that one was quite 
blue, two others brown and blue. 

Localities.—Gulf weed, Stations 532, 533, 537, 538, 539, between 18° 43’ N., 
27° 46’ W., and 33° 53’ N., 32° 27’ W. 

Some specimens were seen to be infested by the minute Bopyrid Bopyrina 
latreuticola (see p. 301). 


Genus Nauticaris, Bate. 
1888. Nauticaris, Bate, Rep. Voy. “ Challenger,” vol. xxiv. pp. xii, 577, 602. 
1893. is Stebbing, Hist, Crust., Internat. Sci. Ser., vol. lxxiv. p. 234. 
1902. Merhippolyte, Hodgson, “ Southern Cross” Exp., ‘‘ Crustacea,” p. 233. 
1906. Nauticaris, Calman, Ann. Nat. Hist., ser. 7, vol. xvii. p. 30. 

In Catman’s synopsis of the Hippolytide this genus is distinguished as having 
arthrobranchie at the bases of the first four pairs of pereeopods, mandibles with palp 
but without cutting edge, wrist or fifth joint of second perzeopod with more than 
seven subdivisions, and a movable spine at the base of the uropods. The last of 
these characters seems to be obscurely expressed, since the spine-like process on the 
peduncle of the uropods is not movable, and the movable spine is at the infero-lateral 
hind corner of the sixth pleon segment. This spine is said by Bate to be absent 
from his species NV. wnirecedens, though he includes it in his account of the genus. 
But pe Man (1907) and CaLMAN agree in identifying N. wnirecedens with the earlier 
Hippolysmata vittatus, Stimpson. Dr Catman points out that Hippolyte magellamcus, 
A. Milne-Edwards, 1891, belongs to Nauticaris, but differs from other species in 
possessing exopods on the third maxillipeds. He finds that Merhippolyte australis, 
Hodgson, 1902, is synonymous with N. marions, Bate, Hopason having been misled 
partly by my acceptance of Batr’s error as to the second perzeopods and partly by 
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a wrong view of the mandibles. Hopason had already noticed the similarity between 
his species and that of A. Mitne-Epwarps’. 

Here, as in various other instances, the armature of the upper and lower margins 
of the rostrum seems to be so variable within each species that it is an unsafe guide 
for specific distinction. 

Nauticaris brucet, n. sp. 


Plate X XIX. 


Along with a general resemblance to Batr’s N. marionis, the present species 
exhibits some rather notable differences in detail. In the first two specimens 
examined the lower margin of the rostrum showed four teeth, but a third specimen 
had only three. A fourth specimen had the hindmost tooth on the carapace more 
remote from the succeeding tooth than in other specimens, a character for which 
Bate named the species N. wnirecedens, mentioned above. The frontal margin of 
the carapace in the new species has only the antennal tooth, without that of the 
infero-lateral angle seen in N. marionis and more conspicuously in N. magellanicus. 
The eyes are much broader at the base than those figured by BatE for N. marionis. 
In the first antennze the stylocerite does not nearly reach the extremity of the first 
joint. The three-jointed palp of the mandible is relatively much smaller than that 
figured for the species compared. ‘The first maxillipeds have the termination of the 
endopod long and distinctly three-joimted, not a short simple process as figured by 
Bate for N. marions. For his N. australis Hopeson says, “The endopodite is a 
two-jointed appendage with a terminal claw,” and, judging by Mrs Sexron’s figure, 
this would seem very distinct both from the present species and from Batr’s. In 
the second maxillipeds the fourth jomt, much shorter than the third, is quite distinct, 
as the muscles sufficiently attest, but probably the differences in Bare’s account of 
his species are due to imperfect observation. The third maxillipeds have a slight, 
easily detachable exopod. The slender second perzopods have fifteen subdivisions 
of the wrist, those at the base feebly indicated. The apex of the telson has a pair of 
plumose setee between two long spines which are flanked by a pair of short ones. 
Length of specimen figured in bent position 15 mm., straightened out over 20 mm. 

Locality.—Gough Island, depth 100 fathoms ; Station 461. 

Specific name given out of respect to Dr W. 8. Bruos, leader of the Scotea 
Expedition. 

Nauticaris magellanicus (A. Milne-Edwards). 
1891. Hippolyte magellanicus, A, Milne-Edwards, Mission de Cap Horn., “Crust,” p. 46, pl. v. 


figs. 2, 2a-1. 
1902. Meniipoaiiite magellanicus, Hodgson, ‘‘ Southern Cross” Exp., ‘‘ Crustacea,” p. 235. 
1906. Nauticaris magellanicus, Calman, Ann. Nat. Hist., ser. 7, vol. xvii. p. 31. 
According to CaLMaN this species “ differs from the other species of the genus in 
possessing exopods on the third maxillipeds.” As already observed, a rudimentary 
exopod is found in the small new species NV. brucer. Here the exopod, though short, 
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is many-jointed and furnished with plumose setee. Apart from this it would be 
difficult to separate this form from Hopeson’s Merhippolyte australis, which CALMAN 
has identified with Barr’s Nauticaris marions. 

The teeth continued from the carapace along the upper margin of the rostrum 
are given by Mitne-Epwarbs as six or seven, with one or two below. Our specimen 
has eight above and one below. The stylocerite of the first antennee reaches beyond 
the main body of the first joint. The scale of the second antenne extends beyond 
the rostrum. The three-jointed palp of the mandibles is furnished on all the joints 
with numerous setiform spines, the first joint much wider and longer than the second, 
the second much wider but little longer than the third. In the first maxillipeds the 
last three joints of the endopod are very different from those of N. bruce, the first 
of them broad, fringed on the inner margin with eleven long setee; the second longer, 
narrower, curved, somewhat similarly fringed; the third very short and narrow, 
tapering, straight, tipped with a short seta. In the third maxillipeds the exopod 
is about 2°5 mm. long, while the last joint of the endopod measures about 8 mm. 
On one of the second perzeopods fourteen components of the wrist are found. In the 
spine armature of the seventh joint in the simple legs there are slight differences 
between this species and NV. brucei, but the specimens being so different in size, no 
importance can be attached to these. Similarly, it may be doubted whether slight 
variations in the armature of the telson have any specific value, but the larger apical 
pair of spines are relatively much longer in the smaller of the two forms. The cara- 
pace of the present species measures 14 mm. from apex of rostrum to the middle of 
the concave hind margin; the scale of the second antenne is fully 6 mm. long. 

Locality.—Port Stanley, Falkland Islands ; Station 118. 


Family PasrpH &ID &. 


1852. Pasiphxide, Dana, U.S. Expl. Exp., vol. xiii. pp. 532, 536. 

1884. Pasiphaide, 8. I. Smith, U.S. Fish. Comm. for 1882, p. 381. 

1888. Pasiphxidx, Bate, Rep. Voy. ‘ Challenger,” vol. xxiv. pp. 481, 857. 

1890. % Ortmann, Zool. Jahrb., vol. v. p. 463. 

1893. Pastphaidx, Wood-Mason and Alcock, Ann. Nat. Hist., ser. 6, vol. xi. p. 161. 
1893. Pastpheide, Stebbing, Hist, Crust., Internat. Sci. Ser., vol. Ixxiv. p. 251. 
1895. Pasiphxiide, Faxon, Mem. Mus. Comp. Zodl., vol. xviii. p. 173. 

1901. Pasiphxidx, Alcock, Catal. Indian Deep-Sea Macrura, pp. 55, 57. 


1902. + Rathbun, Pr. U.S. Mus., vol. xxiv. p. 904. 

1904. - Rathbun, Harriman-Exp., ‘ Decapods,” p. 19. 

1906. A Rathbun, U.S. Fish. Comm. for 1908, part iii. p. 927. 

1907. ‘; Coutiere, Bull. Inst. Océanogr. Monaco, No. 104, pp. 1, 12 (larval forms). 
1910. Fe Kemp, Fisheries, Ireland, 1908, pp. 35, 36, 


The genera of this family may be briefly distinguished as follows :— 


cee without palp, 2. 


Mandibles with palp, 3. 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 9), 4] 
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3 (Telson acute or truncate. . Ll. Pasiphea, Savigny, 1816. 
"|Telson with bifid apex . . 2. Phye, Wood-Mason, 1893. 
{Mandibular palp foliaceous . 8. Psathyrocaris, Wood-Mason, 1891. 


>.) Mandibular palp slender, 4. 


Fifth pereopods longer than 
fourth ; second maxillipeds 
. having an epipod . 4. Parapasiphaé, 8. 1. Smith, 1884. 
| Fifth pereeopods not longer than 
fourth; second maxillipeds 
without epipod ; . 5. Sympasiphea, Alcock, 1901. 


Of these genera the first two are closely allied, yet Phye, by its incised telson, is 
different from all the rest, this feature being unfamiliar except in the Schizopoda and 
some larval forms. The third genus is so different from the others that, as ALcock 
has suggested, it “might perhaps be separated to form a distinct family.” Lepto- 
chela, Stimpson, 1860, agrees with it in having a foliaceous palp to the mandibles, 
but the palp is one-jointed instead of two-jointed, and other features make its inclu- 
sion in the Pasiphaidx open to question. Barr’s imperfectly defined Orphama, 
1888, is perhaps not distinct from Pasiphea. 


Genus Phye, Wood-Mason. 
1893. Phye, Wood-Mason, Ann. Nat. Hist., ser. 6, vol. xi. p. 164. 
1901. Pasiphxa (Phye), Alcock, Catal. Indian Deep-Sea Macrura, p. 61. 

The original definition is: “ Differs from Pasiphaé in the carapace and abdomen 
being more or less extensively and distinctly carinated dorsally, in the former being 
armed in front with a pair of branchiostegal spines, and in the telson being forked 
at the extremity.” It is said to include P. princeps, Smith ; P. acutifrons, Bate ; and 
P. forceps, A. Milne-Edwards, 1891; and characters are given distinguishing these 
species from Phye alcocki (Wood-Mason), 1891. In 1901 Atcock treats it as a sub- 
genus, saying: “ Differs from Pasiphea in having the tip of the telson forked. In 
all other respects, including the number and arrangement of the gills, it agrees with 
Pasiphxa.” It should be noticed that Pasiphea truncatus, Rathbun, 1906, and 
P. flagellatus, Rathbun, 1906, both have the apex of the telson truncate, while in 
P. kawwiensis, Rathbun, of the same date, the telson has “its tip cut in a very 
shallow V.” Nothing could be more satisfactory if we are looking for missing links 
or more confusing to the interests of sharp definition between genus and genus. 


Phye scotrx, n. sp. 
Plate XXX. 
By the elongation of the carina of the carapace to a smooth-pointed process 
reaching beyond the eyes, this species is distinguished from the other members of the 
genus. ‘The point of the process is upturned, while in the somewhat similar process 
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of Pasiphea amplidens, Bate, the point curves downward and does not reach 
beyond the eyes. From Barr’s specimen part of the pereeon and all the pleon were 
unfortunately missing. In having the fourth joint of the first perzeopod smooth and 
that of the second serrate it agrees with our species, but apart from this there are 
several differences. The mandibular cutting edge here shows nine to ten teeth, 
compared with thirteen in P. amplidens. The first maxilla of the latter is said to 
agree closely with that of P. cristatus, Bate, which according to the figure has the 
middle lobe fringed with seven spines and two spinules, against the eighteen spines 
of the Scotia species. Moreover, here the fingers of the second pereeopods are 
fully as long as the palm, and the fourth joint has only seven teeth along the 
margin, while Batr’s figure shows fifteen teeth along that margin and fingers much 
shorter than the palm. 

The telson is about five times as long as its greatest breadth, narrowing towards 
the apex and widening a little at the fork, which is occupied by eight pairs of 
graduated spines. In the first antennz the acicle does not reach the end of the first 
joint, which is as long as the second and third combined, the second being consider- 
ably shorter than the third; of the two flagella, one for a space is much broader than 
the other. The scale of the second antenne is much narrowed at the flattened apex, 
beyond which the terminal tooth is well produced. The first and second maxillipeds, 
as noticed by Barn, are as firmly attached as if they together formed a single 
appendage. 

Localities. —Lat. 71° 22’ S., long. 16° 34’ W., depth 1410 fathoms; Station 417, 
March 18, 1904. A second smaller specimen, with anterior process broken off, was 
obtained at lat. 68° 32’ S., long. 12° 49’ W., by the vertical net from surface to 600 
fathoms ; Station 422, March 23, 1904. 


Phye rathbune, n. sp. 
Plate XXXI. 


In this species the central carina of the carapace is not produced over the eyes, 
and the telson is only about three and a half times as long as the greatest breadth, 
its apical fork frmged with nine pairs of graduated spines, of which the innermost 
pair is minute. In many respects its proportions differ little from those of the 
preceding species, but in the first antenne the flagella are less unequal at the base, 
and in the second the distal tooth of the scale is less prominent, the middle lobe of 
the first maxilla is fringed with thirteen spines, the first pereeopods have the fourth 
joint serrate with nine teeth and the fingers more instead of less than half the 
length of the palm; in the second perzeopods the second and third joints as well as 
the fourth are serrate, the fourth jomt having as many as seventeen teeth or small 
spines, and the fingers are rather shorter than the palm. 

The earlier-known species, with which the present is most closely related, is that 
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which Kr6oyrr in 1845 described as Pasiphae tarda, redescribed and figured under 
the same name by Mr Kemp in 1910. Here, however, instead of the first five pleon 
segments and much of the sixth being sharply carinate dorsally, the earlier segments 
show no carina at all and on none is the carina sharply developed. In the fourth 
pereopods the sixth joint is three-quarters the length of the fourth, instead of less 
than half, as in P. tardus, and in the fifth pair the sixth joint is decidedly shorter 
than the fourth, not about equal to it. In some other respects there may be traced 
divergence between the two species, but with only one specimen of the new form 
available, it is inexpedient to lay too much stress on minutie. The distribution of 
KROYER’S species extends northwards to Davis Straits and the coasts of Greenland, 
but according to Kump lat. 51° 54’ N. is the most southern locality from which the 
species has been recorded in East Atlantic waters, a very different part of the globe 
from that in which the Scotva specimen was obtained. 

Locality.—Lat. 48° 00’ S., long. 9° 50’ W.; depth 1332 fathoms; Station 450. 

The specific name is given out of respect to Miss M. J. Rarupun, the distinguished 
American carcinologist. 

A species possibly belonging to this family was taken in lat. 39° 48’S%., long. 
2° 33’ K.; depth 2645 fathoms; Station 468. Unluckily it is represented only by 
the pleon, and that wanting the first pleopods. It is worth mentioning, as the 
remaining pleopods by their great length and slenderness make some approach to 
those in the genus Psathyrocaris, although here the exopod is scarcely more than 
twice the length of the endopod. ‘The sixth segment of the pleon is long and clearly 
carinate ; the telson has two dorsal carinze, which are rather wide apart at the base. 
The exopod of the uropods is elongate. 


Family NEMATOCARCINID&. 


1884. Nematocarcinine, S. 1. Smith, U.S. Fish Comm. for 1882, p. 368. 
1888. Nematocarcinide, Bate, Rep. Voy. ‘‘ Challenger,” vol. xxiv. pp. xiii, 481, 927. 


1893. “ Stebbing, Hist. Crust., Internat. Sci. Ser., vol. Ixxiv. p. 249, 
1901. a Alcock, Catal. Indian Deep-Sea Macrura, pp 56, &5. 
1910. . Kemp, Wisheries, Ireland, 1908, pp. 35, 75. 


Atcock remarks that “the NMematocarcinide in a logical system should not be 
separated as a distinct family, for they are merely Pandalide in which the first four 
pairs of thoracic legs have delicate exopodites, and they might be united with the 
latter family.” But as in the Pandalidex “the thoracic legs never have exopodites,” 
and the fifth joint of the second pair is subdivided, while the Nematocarcinide have 
that joint simple, and in the three following pairs an interlocking arrangement 
between the third and fourth joints described by Bate as of “peculiar and unique 
character,” the separation of the two families may very well be upheld, 
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Genus Nematocarcinus, A. Milne-Edwards. 


1881. Nematocarcinus, A. Milne-Edwards, Ann. Sei. Nat. ‘‘Zool.,” ser. 6, vol. xi. art. 4, p. 14. 
1882. Humiersia, S. I. Smith, Bull. Mus. Comp. Zool. Harvard, vol. x. p. 77. 
1884. Nematocarcinus, 8. I. Smith, U.S. Fish. Comm. for 1882, p. 368. 


1888. 3 Bate, Rep. Voy. ‘ Challenger,” vol. xxiv. pp. lxxxvi, 800. 
1901. Be Alcock, Catal. Indian Deep-Sea Macrura, p. 86. 
1906. . Rathbun, U.S. Fish. Comm. for 1903, part iil. p. 926. 


In this widely distributed genus the names of species are numerous, embracing 
N. cursor, A. Milne-Edwards, 1881; Humiersia ensifera, 8. I. Smith, 1882; fifteen 
names given by Bate in 1888; and N. agassizi, Faxon, 1893. In 1901 Atcock 
suggests that Bars’s productus, tenuipes, and intermedius may be all the same 
species, and all not improbably synonymous with the N. ensifer of 8. I. Surru, to 
which Kemp further refers Barr’s Stochasmus exilis as at most a variety, CALMAN 
and Hansen having already shown that the problematic Stochasmus was founded 
on the young of Nematocarcinus. ALcock questions also the validity of Barr's 
N. undulatipes, supposing that it may be a synonym of N. cursor, to which he 
definitely assigns Batr’s NV. paucidentatus as a variety. The relative size and 
armature of the rostrum, to which BatE has attached so much importance in dis- 
tinguishing his species, are of doubtful value for that purpose, as they vary with the 
age of the specimen and are otherwise inconstant. There is the further inconvent- 
ence that the long pointed rostrum, like the enormously long pereeopods and the 
tapering telson, is peculiarly liable to be damaged. The close resemblance among 
all the accepted species makes it probable that the mouth-organs are practically 
alike in all. But in regard to these it is important to follow the excellent account 
and figures given by 8. I. SmirH in 1882, rather than those of Barz. In 1893 I 
accepted Batr’s statement that the palp of the mandibles was two-jointed, neglecting 
Smirn’s earlier and correct evidence that it is three-jomted. SmirxH also shows that 
the second maxillipeds are seven- (not six-) jointed, since the dactylus, which Barr 
overlooks, “is articulated obliquely along the distal end of the propodus.” This 
feature, in which the dactylus has quite ceased to be dactyliform, helps to link the 
present genus with several others in the tribe Caridea. SmirH has noted that in 
the first maxillipeds the last of the three terminal joimts of the endopod is very 
minute. It is indeed difficult to distinguish, but the two preceding are rather long. 
Bate’s figure consolidates all three into a tolerably short single joint. According to 
Smiru’s description of the first maxille of N. ensifer, “ the endognath is much shorter 
than the distal lobe of the protognath, and truncated at the extremity, which is 
armed with a stout seta either side and a third one just below the tip.” In our 
specimens these maxillz correspond with Smrrn’s description and figure, except that 
the “ palp” or terminal joint which he calls the endognath has at the inner corner of 
its truncate apex a long and strong, distally feathered spine, and at the outer corner 
a much slenderer and shorter spine, and on the surface below the apex a raised 
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process carrying three or four spines. The second maxille in our specimens fully 
agree with Smirn’s account, except that the fringing sete of the proximal lobe are 
much longer relatively than those which he figures. The sharply pointed hind 
portion of the scaphognath has, as he observes, on its inner margin sete of 
remarkable length. 


Nematocarcinus lanceopes, Bate. 


1888. Nematocarcinus lanceopes, Bate, Rep. Voy. ‘‘ Challenger,” vol. xxiv. p. 804, pl. exxxi. 


Plate XXXIIs. 


The species thus named was taken by the Challenger in lat. 60° 52’ S. The 
Scotia obtained a number of specimens in lat. 71° 22’ 8., which agree fairly well 
with Bate’s account of the rostrum, except that the lower margin for almost the 
whole length is unmistakably fringed with setules. A single specimen from lat. 39° 
43’ 8. has the rostrum devoid of setules. But the more or less damaged condition 
of all the specimens makes it difficult to be sure that any two belong to the same 
species or same variety, while, as above observed, the rostrum itself is subject to 
variation. In none of the specimens examined could I find the fifth perzeopod 
complete. According to Bats, the scale or scaphocerite of the second antennz is 
nearly as long as the rostrum. His figure represents it as much longer. In our 
specimens it is decidedly shorter. The third maxillipeds do not reach the end of 
the scale, and are outstripped by the fifth joint of the first pereeopods, which almost 
reaches that end. The second pereeopods extend much beyond the rostrum. The 
telson reaches the end of the uropods. It carries numerous pairs of little dorso- 
lateral spines, and the narrow apex, besides some setules, has two contiguous spines 
flanked by a much larger subapical pair. The specimens agree in size with Batr’s 
specimens, as some of them were about 130 mm. long, allowance being made for 
broken off apex of rostrum or telson. | 

Localitves.—Lat. 71° 22’ §., long. 16° 34’ W.; depth 1410 fathoms; Station 417 
One specimen, probably of the same species, from lat. 39° 48’ S., long. 2° 33’ E., 2772 
fathoms; Station 468. 


SCHIZOPODA. 


Order MYSIDACEA. 
Suborder LOPHOGASTRIDA. 


Family EKucopmpé. 


1852. Hucopide, Dana, U.S. Expl. Exp., vol. xiii. pp. 601, 609. 

1875. Chalaraspidx, v. Willemoes Suhm, 7’. Linn. Soc. London, “ Zool.,” ser. 2, vol. i. part i. p. 39. 
1883. Hucopiide, G. O. Sars, Forhandl. Vidensk., Christiania, No, 7, p. 9. 

1910. fs H. J. Hansen, “ Scboga” Exp., vol. xxxvii. p. 19. 


The classification here accepted is fully explained in HANSEN’S valuable treatise, 
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Genus Hucopia, Dana. 


1852. Eucopia, Dana, U.S. Expl. Exp., vol. xiii. pp. 602, 609. 
1875. Chalaraspis, v. Willemoes Suhm, Tr. Linn. Soc. London, “ Zool.,” ser. 2, vol. i, part i. p. 39. 
1885. Hucopia, Sars, Rep. Voy. ‘‘ Challenger,” vol. xiii. part xxxvil. p. 54. 


1895. Fe Faxon, Mem. Mus. Comp. Zool. Harvard, vol. xviii. p. 218. 

1906. 5 Ortmann, Pr. U.S. Mus., vol. xxxi. p. 53. 

1910. o Hansen, ‘‘ Siboga” Exp., vol. xxxvii. p. 19. 

1912. +p Hansen, Mem. Mus. Comp. Zoil. Harvard, vol. xxxv., No. 4, p. 187. 
1913. # Tattersall, Zr. R. Soc. Edinb., vol. xlix. part iv. p. 868. 


HanseEN accepts only the following four specific names as thus far valid in this 
genus: LH. australis, Dana, 1852; E. wunguiculatus, Suhm, 1875 ; E. sculpticauda, Faxon, 
1895; and EH. major, Hansen, 1910. The extraordinary length of the second, third, 
and fourth perzeopods, the delicate structure of the whole organism, and the great 
depth from which it is commonly obtained, have combined to make descriptions 
very imperfect through the provoking mutilation of specimens. 


Hucopwa sp. 
Plate XXXIIa. 


As the head, first perzeopods, and telson are missing, nothing very definite can 
be said about this species. The remaining limbs come very near to those which 
Sars has figured from a young female which he assigns to H. australis, Dana (Rep. 
Voy. “ Challenger,” “ Schizopoda,” pl. x. figs. 2, 5, 6, 7). Asin our specimen the fifth 
joint of the fourth pereeopod is longer than the sixth, it cannot belong either to Sunm’s 
species or to Faxon’s. For Hansen’s £. major these limbs are not described, nor 
are they distinctly figured by Dana. The spiny armature of the sixth and seventh 
joints does not agree precisely with that shown by Sars. On the sixth joint there 
are five large spines, the first much the longest, separated from the next by one 
spinule, each of the others having two intermediate spinules, the last being followed 
to the apex by eight slender spines. The finger is margined with seven spines, the 
first very small, succeeded by three successively longer, the fourth followed by three 
that are smaller and little projecting. The length might be roughly estimated at 
30 mm., fourth pereeopod 39 mm. 

Locality.—Lat. 39° 48’ S., long. 2° 33’ E.; depth 2772 fathoms; Station 468. 

Dr TarrERSALL’s report on the Schizopoda of the Scotra has just appeared, 
and I must apologise for having unwittingly interfered with them, but my plate had 
been finished and the above notice written a long time ago. From the Station 
468 above mentioned Dr Tarrersatt found the genus Hucopia represented 
by “one fragmentary specimen, head end only,” which he groups with damaged 
specimens from various other deep-sea southern localities as probably belonging to 
E, australis, Dana, as redefined by HaNnsEN in 1905. 
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STOMATOPODA.* 


1817. “ Stomapodes,” Latreille, Le Reyne Animal, vol. iii. p. 40. 

1825. Stomapoda, Latreille, Fam. Nat. du Regne Animal, p. 282. 

1843. Stomatopoda, Krauss, Siidafrik. Crust., p. 60. 

1910. 5s Stebbing, Ann. S. Afr. Mus., vol. vi. part iv. p. 404. 


Family SQuiLiip. 


1803. “ Squillares,” Latreille, Hist. Nat. Crust. et Ins., vol. vi. p. 270. 
1880. Squillidx, Miers, Ann. Nat. Hist., ser. 5, vol. v. pp. 1, 108. 


Squilla armatus, Milne-Edwards. 
1837. Squilla armata, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 521. 


1849. 3 AS Nicolet, Gay’s Hist. de Chile, ‘‘ Zool,” vol. iii. p. 223. 

How os » A. Milne-Edwards, Miss. Cap Horn, “Crust.,” p. 538, pl. vii. 
1894, Pe Bigelow, Pr. U.S. Mus., vol. xvii. p. 515, text-figs. 9, 10. 
190255 9,5 53 Stebbing, Gilchrist’s Mar. Invest., “S.A. Crust.,” part ii. p. 45. 


The Scotia obtained a specimen from the stomach of the fish Genypterus 
capensis. The nutritive part of the crustacean was being digested, but the chitinous 
sheath still clearly showed the specific characters briefly noted by the elder M1tnz- 
Epwarps, more fully detailed by Nicoter, and again with good figures set forth 
by AtpHonse Mitne-Epwarps. 

Locality.—Off Dassen Island, between False Bay and Saldanha Bay, South Africa ; 
depth from which the fish was taken, between 30 and 40 fathoms. 


- Larval genus Lysvoerichthus. 
1886. Lystoerichthus, Brooks, Rep. Voy. ‘‘ Challenger,” vol. xvi. part xlv. pp. 16, 116. 
1895. Lysierichthus, Hansen, Ergebn. Plunkton-Exp., G. c., p. 75. 


This genus contains the larval forms of Lysiosquilla, Latreille, 1825. 


Lysioerichthus edwardsii (Eydoux and Souleyet). 


Plate XX VB. 


1837. ? Hrichthus aculeatus, Milne-Edwards, Hist. Nat. Crust., vol. ii. p. 501, pl. xxviii. fig. 10. 

1841-1852. Hrichthus edwardsii, Eydoux and Souleyet, Voy. ‘“‘ La Bonite,” ‘“ Zool.,” vol. i. part ii. 
p. 260, pl. v. figs. 39-54. 

1852. Erichthus palliatus, Dana, U.S. Expl. Exp., vol. xiii. p. 626, pl. xli. figs. 6, a-e. 

1872. Hrichthoidina armata, Claus, Abhandl. k. Gesellsch. Wiss. Gottingen, vol. xvi. p. 121, figs. 7, 8. 

1895. Lysiertchthus edwardsii, Hansen, Ergeln. Plankton-Exp., G. c., p. 75, pl. vii. fig. 4-4e, 5-5e. 


HaNnsEN, to whom the above synonymy is due, identifies these variously named 
larval forms as all belonging to the adult Lystosquilla glabriusculus (Lamarck), the 


most advanced stage being H. palliatus, Dana, and the least advanced E. armatus, 
Claus. The Scotza specimen shows all the spine-like projections proper to the 


* For other Stomatopoda collected by the Scotia see TATTERSALL, Tr. R. Soc. Hdin., vol. xlix. 
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carapace and telson of these juvenile forms. It still carries the obliquely upward- 
pointing medio-dorsal spine not far from the hind margin of the carapace, this being 
a spine which has disappeared from the LH. palliatus stage. Nearly equal to it are 
the medio-lateral spines, the position of which is noted as distinguishing these 
larvee from those of Lysiosquilla scabricauda (Lamarck). In a strictly balanced 
dorsal view they are not visible. The narrow part of the rostrum is subequal in 
length to the postero-lateral spines, about 4 mm. in each case. The under margin 
of the rostrum has three microscopic spinules, the middle one the largest; its apical 
portion is finely serrate on both sides. Adjacent to the eyes is a very small tooth 
on each side, behind which the carapace widens considerably. A minute denticle 
points inward from the base of each postero-lateral process, and between these the 
pleon is clear of the carapace from the third segment. The postero-lateral angles of 
the fifth pleon segment are acute, as are those of the telsonic segment, of which 
the hind margin is finely pectinate and fringed with about forty tiny spinules, its 
centre indented ; the sides have each two teeth, which in this specimen are micro- 
scopic. The slender, strongly geniculate first maxilliped is minutely chelate, the 
small thumb having the inner margin distally finely denticulate ; some of the spines 
on the hand are pectinate. 
Locality.—Lat. 19° 59’ N., long. 23° 34’ W.; Station 18. 


ISOPODA EPICARIDEA. 


Family BopyRip#. 


Genus Bopyrina, Kossmann. 


1881. Bopyrina, Kossmann, Zeitsehr. Wiss. Zool., vol. xxxv. p. 666. 
1900. mS Bonnier, Z'rav. zool. Wimereua, vol. vill. p. 364. 


Bopyrina latreuticola (Gissler). 


1845. Bopyrus squillarum, Goodsir (not Latreille), Ann. Nat. Hist., vol. xv. p. 75. 
1882. Bopyroides latreuticola, Gissler, American Naturalist, vol. xvi. p. 591, text-figs. 6-8 on p. 593. 


1895. 5 % H. J. Hansen, Ergeln. Plankton-Exp., ‘‘Isop.,” p. 44. 
1900. Bopyrina latreuticola, Bonnier, Trav, zool. Wimereux, vol. viii. p. 370, text-fig. 61, a-c (from 
Gissler), 


1913. Probopyrus latreuticola, Tattersall, Tr. R.S. Hdinb., vol. xlix. part iv. p. 391. 


BonniER says: “This genus is characterised, in the female, by the absence of 
pleural plates on the pleon, the rudimentary state of the pleopods, of which the last 
pairs have disappeared, as also the uropods, which, however, are still visible in the 
male.” Of the species here named no males were discovered. The female is less 
than 2 mm. in length, with the protuberance on one side near the end of the pereon, 
as delineated by GisstEr. 


For the locality see under Latreutes fucorum, p. 291. 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 9). 42 
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EXPLANATION OF PLATES. 


Puate XXIII. 
Coryrhynchus algicola, n. sp. 


1.8. Natural size of specimen figured above in ventral aspect without limbs and in dorsal aspect with first 
and fifth peraeopods on the left and all five perzeopods on the right, and garniture of seaweed 
masking the second pereeopod and partly overlapping its neighbour; sete for the most part 
omitted, 

rv. Ventral aspect of rostrum with the right eye, the longitudinally folded first antenna, second antenna 
of the right side, and anterior margin of the buccal frame. 

r.d. Dorsal aspect of the rostrum with its hooked sete. 

Y. Distal margin of the pleon of the female. 

a.s. First antenna. 

m., ., mz. 1, mu, 2, mup, 1, 2, 3. The two mandibles; first and second maxille; first, second, and third 
maxillipeds. 

prp. 1. Fingers and part of palm of first pereeopod (cheliped). 

prp. 4. Sixth and seventh joints of fourth pereopod. 

plp. One of the pleopods of the female, with three of the multitudinous eggs adherent. 

All the figures of separate parts are magnified to a uniform scale. 


Puatr XXIV. 
Planes minutus (Linn.). . 


n.s. Dorsal view of a specimen natural size, with much magnified view of anterior portion below, and below 
this a similarly magnified view of the ventral aspect, excluding the limbs except the right cheliped, 
a.s., @2. The first and second antenne. 
mx. 1, ma. 2, map. 1, 2, 3. First and second maxille ; first, second, and third maxillipeds. 
prp. 5. Last four joints of the fifth pereeopod. 
plp. 1, plp. 4. Rami of the first and fourth pleopods, 
The separate parts are drawn to a uniform scale. 


Puate XXVa. 
Hymenosoma orbicularis, Desmarest. 


n.s. Dorsal view of female specimen, natural size. The other figures are much magnified, to a uniform scale. 
0c., a.8., 4.1. Hye, first and second antenne. 
mxp. 1, 2,3. First, second, and third maxillipeds, 
prp. 5. Last two joints of the fifth pereeopod. 

The first antenna and the fifth perzeopod are from a female specimen, the other appendages from a male 
of the same size. 


Pirate XXYVs. 
Lysioerichthus edwardsti (Eydoux and Souleyet). 


n.s. Line indicating length of the specimen figured in lateral view. 

car. Dorsal view of carapace, with portions of the eyes, first and second antenne, and one of the medio- 
lateral spines projecting. 

pl. Pleon from the third segment, as seen projecting between the postero-lateral spines of the carapace ; 
part of hind margin much more highly magnified. 

a.s. First antenna, 

map. 1, 2, 3. First, second, and third maxillipeds, with distal part of first and third much more highly 
magnified. 

prp. 1. First perseopod. 

urp. One of the uropods. 
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Prats XXVIa. 


Calcinus talismani, A. Milne-Edwards and Bouvier. 
T. The telson. 
mx. 2, mxp. 1, 2, 3. Second maxilla; first, second, and third maxillipeds. 
plp. <A pleopod. 
All the figures are drawn to a uniform scale. 


Pirate XXVIs. 
Eupagurus forceps (Milne-Edwards). 


mx. 2, mxp. 2, 3, plp. Second maxilla; second and third maxillipeds ; a pleopod. 
All the figures on a uniform scale. 


PLatE XXVIc. 
Plagusia capensis, de Haan. 


mex, 2, mx, 2 juv. Second maxilla of P. capensis, and to the same scale that of its immature form 
Marestia elegans. 


Pirate XXVIp. 
Eupagurus modicellus, n. sp. 


car., @.8., at. Frontal part of carapace, with eye, and first-and second antenne. 

T., urp. Telson and uropods. 

mexp. 1, 3. First and third maxillipeds. 

prp. 1 r., prp.11., prp. 2, 4, 5. First pereopod, showing the right chela in full from the inner side, and 
the same obliquely from the outer side with the two preceding joints; the left chela from the 
inner side, inner edges of the tightly closed fingers obscure ; seventh joint of second perseopod ; 
fourth and fifth perzeopods. 

All the figures to a uniform scale. 


Puate XX VII. 


Gennadas kempt, n. sp. 

car. Front of carapace flattened out. 
T. Dorsal view of telson. 
oc. Outline of eye. 
a.s., 4.2. First and second antenne, the flagella imperfect. 
m., ma. 1, mx. 2, mzp.1. Mandible, first and second maxille, first maxilliped. 
prp. 3. Third perzopod. K 
plp. 1, plp. 2. First pleopod with the petasma, second pleopod. 
urp. Uropod, 

All the parts are drawn to a uniform scale of magnification, with addition of the telson’s apex and the 
apex of the endopod of the second maxilla more highly magnified, in the latter case showing the crowded 
group of four curved spines as viewed from upper and under surfaces. 


Prats XXVIII. 
Petalidium foliaceus, Bate. 


n.s. Specimen partially figured above of the natural size. 

car., T. Front part of carapace in lateral view ; telson in dorsal view. 

oc. One of the eyes. 

a.s., a.t. Basal joint of first antenna, and base of second with the scale imperfect at the apex. 
m, Mandible, with further enlargement of the cutting edge, 
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ma. 1, ma. 2, mup. 2, First and second maxille and second maxilliped. 

prp. 1, prp. 5. First and fifth peraeopods in part, 

pet. First pleopod of male with the petasma, one of the median plates omitted for simplicity. 
plp. 2. A second pleopod from a different specimen, probably a female. 

Enlargement of parts to a uniform scale, except in partial figure of the mandible. 


Puare XXIX. 
Nauticaris brucei, n. sp. 


n.s. Line indicating natural size of specimen figured in lateral view, slightly inclined to the right. 

7., car. Rostrum and frontal margin of one side of carapace, with two postocular median spines. 

a.s., 4.1. First and second antenne, flagellum of second only in part. 

m., mx. 1, mx. 2, map. 1, 2. One mandible and distal end of another, first and second maxille, and first and 
second maxillipeds. 

map. 3, prp. 1, 2. Third maxilliped, first and second pereopods. 

prp. 1, prp. 5. Terminal portions of the first and fifth pereeopods. 

YT. Telson, with distal portion more highly magnified, on a uniform scale with the apices of the first and 
fifth perzopods and all the mouth-organs except the third maxilliped. The whole telson and 
other separate parts are uniformly magnified on a lower scale. The dissections were not taken from 
the specimen figured entire. 


Puate XXX. 
Phye scotix, n. sp. 


n.s. Lateral view of specimen, natural size. 

T. Dorsal view of telson, with further enlargement of its cleft apex. 

a.s. Peduncle of first antenna. ; 

ai. Apex of scale of second antenna. 

m., m., mx. 1, The two mandibles and the first maxilla, with further enlargement of the maxilla’s spine- 
margin. 

mx. 2, map. 1, 2, 3. Second maxilla and the first, second, and third maxillipeds. 

prp. 1, 2, 4,5. First, second, fourth, and fifth pereopods, with further enlargement of the fingers of the 
second. 

urp. Apices of the branches of the uropod. 

All the parts are magnified to a uniform scale, with a scale of further enlargement for the parts above 
indicated. 


Prate XXXII. 
Phye vathbune, n. sp. 


n.s- Lateral view of specimen, natural size. 
car. Anterior portion of carapace. 
T.  Telson in dorsal view, with further enlargement of its cleft apex. 
a.8., a. First antenna, and second to the base of the flagellum. 
Li. m., ma. 1, 2, map. 2,3. Lower lip, mandible, first and second maxilla, second and third maxillipeds, 
with further enlargement of mandible, first maxilla, and second maxilliped. 
prp. 1, 2, 3,4, 5. The five perzeopods. 
plp. 1, urp. First pleopod and a uropod, 
All parts magnified to a uniform scale, except the front of carapace, which corresponds with the further 
enlargements above specified. 
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PuatE XXXIIa. 
Hucopia sp. 


prp. 4. Sixth and seventh joints of fourth pereopod. 
prp. 5. Fifth pereopod. 


Puate XXXIIB. 
Nematocarcinus lanceopes, Bate. 


vr. Rostrum, the tapering distal portion missing. 
T. Telson. 
a.t. Scale of second antenna. 
mx. 1. First maxilla, with apex much more highly magnified 
mx. 2, map. 1, 2, 3. Second maxilla; first, second, and third maxillipeds. 
prp. 1. First pereopod. 
All parts magnified to a uniform scale, with the exception above mentioned. 
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The third, finely illustrated, edition of Cuvrer’s Regne Animal has two undated 
volumes on Crustacea. Each is entitled “Les Crustacés. Avec un Atlas, par M. 
Milne-Edwards,” with the additional word “Texte” in one volume, and “ Atlas” in the 
other. Internal evidence makes it completely certain that the text is by LATREILLE, 
who died in 1833. But it is also clear that the text is independent of the plates, 
since it mentions the genus Mursia (p. 54) without attaching to it any specific name, 
and on p. 262 names Caligus risculus, Leach, for pl. 77, figs. 1, 2, 3, figures which 
Mitne-Epwarps in his explanation of the plate distributes among three separate 
species of the genus. There may be evidence that pl. 13 of the atlas which records 
“ Mursica cristata, Latr.,’ was published earlier than 1837, the year in which MILNE- 
EDWARDS gives a reference to it under the name “ Mwrsia cristata,’ but the atlas 
itself is silent on the point.—T. R. R. 8., March 27, 1914. 
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X.—The Aborigines of Tasmania. Part IJ]. The Hair of the Head compared with 
that of other Ulotrichi and with Australians and Polynesians. By Principal 
Sir William Turner, K.C.B., D.C.L., F.R.S., Knight of the Royal Prussian 
Order Pour le Mérite, Emeritus Professor of Anatomy. (With Figures in Text.) 
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A number of years ago | began to form and arrange in the Anatomical Museum 
of the University of Edinburgh a collection of the hair of the head to illustrate the 
varieties in colour and character which exist in the Races of Men. In a classifica- 
tion of the races based on the colour and characters of the hair, anthropologists 
have usually adopted the suggestion made by Bory pe Sr VINCENT, and have divided 
them into two groups: Leiotrichi, with straight, smooth hair; and Ulotrichi, with 
woolly or frizzly hair. Hach of these again is capable of subdivision. 

In this memoir | intend especially to examine the Ulotrichi, which comprise 
two well-marked subdivisions. In one the hair is very short, and is arranged in 
small spiral tufts, the dividual hairs in which are twisted on each other, a mat-like 
arrangement of compact spiral locks closely set together being the result. In the 
other the hair is moderately long, the locks are slender, curled or spirally twisted 
in a part of their length and terminate at the free end in a frizzly bush-like 
arrangement. Ulotrichous hair is found in various African races, in the aborigines 
of Tasmania, New Guinea, the Melanesian Islands in the Pacific, in the Negritos 
of the Malay Peninsula and of some of the islands of the Asiatic Archipelago. The 
Leiotrichi are Australians, Polynesians, Mongols, Malays, Indians, Arabs, Esquimaux 


and Europeans. 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 10). 43 
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TASMANIANS. 


The early voyagers Crozet and Captain Coox, and the French and British 
navigators and naturalists who followed them in the 18th and early years of the 
19th century, as well as the European residents in Tasmania in later years who saw 
the last of the surviving aborigines, described the hair as black, frizzled or woolly, 
usually in short locks, though sometimes forming separate slender ringlets; with 
abundant beard and whiskers. The statements of these observers have been 
summarised by H. Line Rorx in his comprehensive work on the Aborigines of 
Tasmania,* and in my memoir on these people.j This memoir attracted the 
attention of Mr Liye Rotu, who with great courtesy and liberality forwarded to 
me in 1908 specimens of the hair of the head of Tasmanians in his possession ; 
also hair of aboriginal Australians from Queensland for purposes of comparison. 
As the hair had been cut from the scalp, its full length and the mode of implanta- 
tion could not be determined. The specimens were accompanied by letters or 
certificates of identity, and permission was granted to describe their characters 
and to add them to the collection in the Anatomical Museum of the University. 

Mr Line Roru’s specimens were as follows :— 

No. 1.—Hair from the head of a Tasmanian aboriginal chief. This specimen 
was presented in 1898 to Mr H. Line Rota by Mr James B. Watxer of Hobart, 
with the following history :—It was cut from the head of one of the chiefs who 
accompanied G. A. Ropinson on his “ pacific mission.” They visited Mr Pike’s house 
at Park Farm, Jericho, sometime about 1832 or later, and Mr Pike’s daughter cut 
a lock from the chief's head. The specimen consisted of a few loose hairs, the 
longest of which measured 4 cm.; each of which was curled and black in colour. 
They are stated to have been pulled out of a lock of hair 17 cm. long and 3 mm. 
thick, which formed a spiral curl so compact that long hairs could not be extracted 
from it. The lock was coated with ochre, or a clayey substance. 

No. 2.—Mr WatkeEr also sent later in 1898 a scrap of Truganini’s hair, accom- 
panied by a copy of the following certificate :—‘I certify that the accompanying 
is a lock of Lallah Rook’s hair (the last of the aborigines), presented by her to 
Mr F. Howett. (Signed) J. 8. Danprinex, Oyster Cove, 1st April 1872” (fig. 1). 

The original certificate is in the possession of JoHN MAcFARLANE, who was present 
at Oyster Cove on Ist April 1872, and at whose request the lock of Truganini’s 
hair was obtained and the certificate given. The lock consisted of a few short 
hairs from 3 to 4 cm. long; it formed a close spiral at its middle, but was looser 
at the periphery. The colour was so dark that it might be called black (fig. 2, A). 

No. 3.—A lock of hair labelled “‘ Hair of Mrs Thos. Cochrane Smith, the so-called 
last of the Tasmanians.” Mr Line Rota in Appendix G to his work gave three 

* Halifax, England, 1899. 


+ “The Oraniology, Racial Affinities and Descent of the Aborigines of Tasmania,” Zrans. Roy. Soc. Edin., 
part i. vol. xlvi. p. 365, 1908 ; part ii. The Skeleton, vol. xlviii. p. 413, 1910. 
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figures from photographs of Mrs T. Cochrane Smith, and recognised that, although 
her facial characters partook largely of those of the Tasmanians, she was not a pure 
aboriginal, but was of mixed blood. The lock was a distinct curl but was not 
spirally twisted; its length was 8 to 9 cm., but when stretched it measured 
11°5 em. ; its breadth was about 8 mm. The hairs varied in colour from a darkish 
brown to pale brown, and some were greyish. 


Fig. 1.—Tasmanian, Truganini. 


No. 4.—I have subsequently obtained from another source, of undoubted authen- 
ticity, some hairs of a male Tasmanian attached to a fragment of the scalp. The 
hairs emerged close together and formed a lock 4 to 5 em. long. They were distinct 
and wavy for a short distance, but soon aggregated together and became arranged as 
a compact spiral coil 2 cm. long, beyond which they again separated, and were curly 
and frizzly at the free ends (fig. 2,B). A few delicate hairs, about 6 mm. long, 
ended close to the scalp in pointed ends; they were so short as not to reach the spiral 
portion of the lock. The dried hair was deep brownish black in colour. 

The illustrations in Line Roru’s volume reproduced drawings and photographs 
of aborigines in some of which the hair was short and the curly tufts were not unlike 
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the specimen above described.* In others, again, the hair was much longer and 
formed slender compact ringlets which hung pendulous in front of the forehead 


AD B 
Fic, 2.—A, lock from Truganini; B, from No. 4. 


and down the side of the ears and cheeks.t Several museums possess a cast of the 
bust of a Tasmanian man with this character, and the Anatomical Museum of the 
University is indebted to Professor ANDERSON Stuart for a copy of one.t In it 


Fic. 3.—Tasmanian, from cast of a bust. 


the ringlets were arranged so as to fall from the crown of the head, either 
forwards, backwards or to the sides (fig. 3). They varied in length from 6 to 
20 cm. Those in front concealed the forehead, and the longer ringlets, about 


* See pp. 9, 33, 41, and Appendix G—Truganini. + See pp. 17, 25 of his work. 
t The cast is apparently a copy of a bust modelled by Dumoutier, Atlas to Voyage of Dumont d Urville, 1830. 
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12 cm., reached the eyebrows and the root of the nose; those on the back and 
sides of the head were the longest and concealed the ears, cheeks, back of the 
neck and reached the shoulders. : 


New HEprRIDEs. 


Melanesian aborigines with dark-brown or black skins, dolichocephalic heads, and 
with stature in the men of about 5 feet 6 inches inhabit this group of islands. 
Captain Cook visited them in 1774.* He described the men of Mallicolo as having 
long heads, tlat faces, hair mostly black or brown, short and curly. The people of 


haar 
: a Sp 


Fic. 4.—New Hebrides, Tanna. 


Krromango had the hair crisp and curly and somewhat woolly. He figured the head 
of a man of Tanna, and said the hair was black and brown, tolerably long, very crisp 
and curly, separated into slender locks around which a thin vegetable fibre was 
wound to about an inch from the free ends. The locks were somewhat thicker than 
whip-cord, and looked like a parcel of small strings hanging down from the crown of 
the head to the back and shoulders. PricHarp has also figured + from a drawing by 
Captain ERSKINE a similar arrangement of the hair on a native of Aneityum. 

The Museum is fortunate in possessing several specimens from the natives of the 

* Second Voyage, vol. ii. p. 78, with plate. 


+ Natural History of Man, vol. ii. pl. xxxvii. An account of Captain Ersxkinn’s voyage is given in his Journal 
of a Cruise among the Western Islands of the Pacific, London, 1853. 
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New Hebrides, which were presented in 1892 by the Reverend James H. Lawrig, for 
many years a missionary at Aneityum.* On the island Efate the hair was worn short 
by both sexes. On Tanna, Aniwa and Aneityum, and to a limited extent on Futuna, 
the men dressed the hair in the manner described by Coox. Years of attentive 
dressing were required to obtain a coiffure such as Cook described. The practice 
is said to have ceased under the influence of the missionaries. The collection con- 
sisted of seven specimens obtained from different persons :— 

No. 1.—Kight distinct locks from a man, the longest of which was 30 em. (12 
inches). They had evidently been cut close to the scalp, 2 inches from which a 
thin narrow vegetable fibre had been wound tightly around the lock for from 16 to 
17 cm., beyond which the hair was free, either loosely or compactly spiral or frizzly, 


op AwWutaowi lr 
yt a 


Fic. 5.—New Hebrides. Three locks from No. 1. 


and the free end was 5 to 8 mm. broad (fig. 5). The hair was brownish black, 
and varied somewhat in the depth of its tint. 

No. 2.—Adult male. The hair in proximity to the scalp was matted and beyond 
the tangle seven slender locks about 10 cm. long (4 inches), 4 to 5 mm. broad, 
had been isolated and carefully plaited for about two-thirds of their length, the 
terminal third being spirally curled and frizzled. The tangled hair was dark brown, 
but it was brownish yellow in the lock itself as if artificially discoloured. 

No. 3.—A bundle of hairs from a native of Futuna Island, around which a white 
band had been fastened. A division into locks was indicated though not complete. 
The hair was frizzly and showed loose spirals. In colour it was dark brownish 
black (fig. 7). 

No. 4.—From an adult male; No. 5 from a young man, et. 18. Both were 
matted and spirally curled but not in definite locks. The colour was brownish 
or black. 


* “The New Hebrideans” in Scottish Geographical Magazine, June 1892, vol. viii. 
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No. 6.—Adult female, a number of locks, to some extent matted at their scalp 
ends, but capable of being drawn asunder, when their arrangement in loose spiral 


Fic. 6.—New Hebrides, Tanna. Three locks from No. 2. 


curls about 7 cm. long was seen. When stretched the length of the locks was 


about 13 cm. (5 inches). At the sides and free ends the locks were dishevelled 


and frizzly. The colour was dark brown and black. 


Fic. 7.—New Hebrides, Futuna. No. 3. 


Seven locks, matted at the deep ends, but with well- 


No. 7.—Girl, ‘set. about 14. 
The locks, without being 


marked loose spiral curls frizzly at the sides and ends. 
stretched, were from 5 to 7 cm. long, but could be elongated to 9 cm. Colour 


black with brown tint. 
No. 8.—Some years ago Dr GreorGE PorteER presented to me the coitture of 
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a Kanaka labourer who had worked on a sugar plantation in Queensland. It was 
17 inches in height and had projected upwards as a top-knot from the crown 
of the head.* It consisted of 834 slender locks tied together about the middle 
with a tape to form a bundle. The hairs in each lock, where it had been cut 
from the scalp, were free, but each lock was then tightly wound by a narrow 
band of vegetable fibre for several inches, beyond which the hairs again separated, 
were loosely spiral and frizzly at their free ends. The hair next the scalp and 
that enveloped by the fibre was brownish black in colour, but the frizzly ends 
were auburn-tinted, apparently bleached (fig. 8). The locks closely resembled No. 1 


Fic. 8.—Probably from native of New Hebrides. No. 8. 


in the Revd. James Lawrte’s collection from the New Hebrides. In their arrange- 
ment as a top-knot, the coiffure to some extent resembled the one figured by 
Dr Pricuarp,t said to be from a native of Ombai,f in which, however, the hair 
did not seem to be dressed in separate locks, though frizzly at the free ends. I 
did not learn the name of the island of which the Kanaka labourer was a native, but 
Mr Lawrie stated in his paper that the New Hebrides is a source of supply for the 
(Jueensland plantations. 

In his account of the people of New Caledonia, an island to the west of the New 
Hebrides, Captain Cook recognised their resemblance to the aborigines of Tanna, 


* Report, British Association, Edinburgh meeting, p. 906, 1892. 
+ Natural History of Man, vol. ii. p. 441, 1855. + Ombai is an island, east of Java and west of Timor. 
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in the colour of the skin as well as in the black colour of the hair and beard. 
The hair, coarse and strong, was sometimes tied up on the crown of the head, whilst 
at others a large lock was worn on each side. It was much frizzled and mop-like, 
and at first looked as if it resembled that of a negro, but it was, he said, really very 
different. In some of the men, however, and in all the women the hair was cut into 
short locks. 


SoLomon ISLANDS. 


These islands are occupied by Melanesians. Many years ago Dr J. C. Cox of 
Sydney presented to me two skulls from Rubiana, the cephalic index of which, 72 
and 70 respectively, was dolichocephalic.* The scalp with hair had been partially 
retained on one skull. The hair was black and curly, as a rule from 3 to 6 em. long 
and seldom arranged in locks. On the vertex, however, some short locks had been 
preserved, which projected from 2 to 3 em.; they formed loose spirals, the hairs of 
which could be stretched to 5 or 6 cm. A few hairs attached to each other at the 
scalp ends were loosely curled, and the longest when stretched attained the length 
of 23 cm. 

Although it is customary to speak of the hair of the Melanesians as black, it has 
not the depth of tint one sees in Negros, Hottentots, Mongols, Indians, Esquimaux 
and Australians, but has a dull brownish admixture, which is more noticeable when 
the hair is held to the light. Sometimes the hair is of a lighter brown colour, a 
change which is possibly to some extent due to a partial bleaching caused by lime 
and clay with which the natives dress the hair. 


New GUwvINEA. 


The attention of the early voyagers to New Guinea was at once attracted by the 
magnificent mop-like arrangement of the hair in some tribes of Papuans. The 
appearance has been frequently described and figured, more especially in the 
aborigines in the south-east of the Island and on the Papuan Gulf, which together 
form British New Guinea, in whom the coiffure may be 3 feet or more in circum- 
ference. In the Fly River district and in Dutch or Western New Guinea the hair 
is kept much shorter, from 4 to 5 inches, and is plaited into pencil-like cords or 
ridges. .The free ends of the hair whether in mops or pencils are frizzled, from 
which character it is said the name Papuan is derived from a Moluccan word 
signifying frizzled (fig. 9). 

Geeluink Bay, Dutch New Guinea.—The late Dr A. B. Mnver presented to 


* Challenger Report on Human Crania, pp. 98, 96, part xxx., 1884. 

+ For recent descriptions of the arrangement of the hair in the people of New Guinea, consult Sir Wa. Mac- 
GREGOR, british New Guinea, Country and People, London, 1897 ; CHaLMERS and GILL, Work and Adventure in Neu 
Guinea, London, 1885; Brown, Pioneer Missionary and Haplorer, London, 1908; SrLigmann, The Melanesians of 
New Guinea, Cambridge, 1910; Wotuasron, Pygmies and Papuans, London, 1912 ; Captain Rawutne, Land of the 
New Guinea Pygmies, London, 1913 ; Henry Newron, In Far New Guinea, London, 1914. 
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me in 1902 a specimen which he had obtained in 1873, from a Papua boy, six to seven 
years old, at Rubi, Geelvink Bay. It consisted of two locks, each of which was again 


Fic. 10.—Locks, New Guinea, Geelvink Bay. 


divided into two (fig. 10). A lock was 18 em. long (7 inches) and 3 mm. broad. At 
the scalp end the hairs were curly, but in the lock itself they were twisted into a 
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compact pencil-like bundle, at the free end of which the hairs were again wavy.* 
At the scalp the hairs were brownish black, but they changed to reddish brown in 
the lock itself.t Another specimen consisting of separate hairs was also given by 
Dr Meyer: in it the longest hairs, when straightened, were about 17 em., and their 
curly and wavy character was distinct. The colour was brown-black. 

Papuan Gulf—I am indebted to Professor A. C. Happon for two cuttings of 


Fic. 11.—Lock, Papuan Gulf. 


hair, one of which he took off a dance mask, whilst the other was removed from an 
artificial wig, which had probably formed part of a dance mask. In the latter the 
hairs had been cut very short; they were loosely matted together and were spirally 
coiled. In the former the hairs were partly matted and curly, but one lock was 
distinct, between 6 and 7 cm. long and curled (fig. 11). Both specimens were 


brownish black in colour. 


NEGROs. 


The hairs on the head of the African negro and his descendants in America and 
elsewhere are arranged in short, compact, black tufts or locks, about 5 mm. in diameter, 
the hairs in which are spirally coiled. The arrangement is best observed from the 
norma verticalis of the head (fig. 12). Over a large part of the surface the locks 
were closely compacted together like a mat, and the hairs in given areas, as they 
emerged from the scalp, at once proceeded to form the constituent parts of their 
respective tufts. On the sides of the head the tufts were further apart, and the 
surface of the scalp between the locks was hairy, equally with that in superposi- 
tion to which the locks were situated, so that no spots of noticeable size bare 
of hair were seen. Locks of hair, conformable to this character, constitute the 
appearance to which the term woolly was originally applied and is the typical 
arrangement. 

The Museum contains a characteristic negro’s head from which the above descrip- 
tion has been written; also several locks of hair from other individuals which have 

* Meyer, A. B., Mitth. Anthro. Ges., Wien, vol. iv. Nos. 3, 4, 1874. 

+ Rich. Neuhauss has written in Zettsch. fur Ethnologie, 45th Jahrgang, Heft iii., 1913, a paper on the Red Blond 
Hair of the Papuans. He recognises bleaching of the hair by lime, but states that in addition to black pigment 


granules a diffused reddish and yellow substance is present in the hair of Papuans. Blond hairs may sometimes co- 
exist along with black hairs. 


320 PRINCIPAL SIR WILLIAM TURNER ON 


been cut close to the scalp. The locks in their natural disposition projected about 
13 cm. (4% inch) above the surface of the scalp; the individual hairs when put on the 


Fic. 12.—Norma verticalis, scalp of Negro. 


stretch were elongated to about 5 cm. (2 inches). The shortness of the lock was due 
to the rapidity of the spiral and its consequent compression. To some extent the 


Fic. 13.—Locks of hair from two Negros. 


free ends of the hairs in adjacent locks may become entangled with each other 
(fig. 13). It should be noted that the arrangement is natural to the race and is 
not produced artificially. 
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SoutH AFRICA. 


This part of the continent is occupied by races of dark-skinned, woolly-haired 
aborigines (fig. 14). I am indebted to Dr lan Ravsenuemmer, from South Africa, 
a graduate of the University, for a number of specimens of the hair of Bushmen, 
Hottentots and Kaffirs, which had been cut from the heads of living persons. 


Fic. 14.—Bush. 


Bushman.—No. 1. A black, single compact lock 3°6 cm. long, which stretched to 
5 em. (2 inches) ; its greatest breadth was only 2 mm. and it had a wavy outline. It 
was composed of hairs closely coiled on each other and spirally arranged (figs. 15, 32). 
No. 2. Bushwoman.—A number of short locks loosely aggregated, which when 


Fic. 15.—Bush, partly matted, partly separate locks. 


drawn asunder measured from 1°5 to 2 cm. in length and 3 to 4 mm. broad. The 
individual hairs were spirally wound in the lock, and the collective arrangement 
formed a mat of hair in which the spiral locks could be recognised (fig. 15). 

No. 3. From an old Bushwoman. A similar mat-like arrangement of short locks, 
the constituent parts of which were formed of spirally coiled hairs, whose free ends 
were to some extent intertwined. The colour was greyish brown, obviously from 
senile changes. 
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The hair in each specimen was distinctly woolly, though longer in the man than 
in the woman, and the individuality of the lock was more distinct. The locks were 
recognisably smaller than in the negro. 

Hottentots.—Hair from four Hottentot women. Each specimen had been dressed 


Fic. 16.— Hottentot with plaited locks. 


in artificially three-plaited locks. They varied in length from 6 cm. (2°83 inches) to 
30 em. (11#inches). The broadest lock was dishevelled at the end cut from the scalp, 
where it was 3 cm. broad ; this was succeeded by the plaited part 5°8 em. long, which 


Fic. 17.—Zulu Kaffir, 


at first was 1°5 em. broad, but at the free end, where the plaiting ceased, was only 
8 mm. broad (fig. 16). The individual hairs were curly but not definitely spiral. 
The colour was rich black in all these specimens, except in one which was dark 
brown in colour, slender in its whole length and about 4 mm. broad. The longest 


lock was of almost equal breadth, 7 mm., throughout its entire length. 
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In addition to these specimens were some tufts of hair from children, which con- 
sisted of short, spirally curled locks about 25 mm. long, but capable of being stretched 
to about 35 mm. Their free ends were to some extent intermingled with each other. 
The colour was deep brown, almost black. 

A cutting of hair marked “ Bastard Hottentot,” from a boy, et. 3, was included 
in the collection. It was not formed of curly spiral locks, but consisted of almost 
straight hairs 3 to 4 cm. long and dark brown in colour. The Bastards are the 
children of mixed black and white parents. 

Kaffirs—A specimen from a woman, et. 35. It consisted of fine, short, com- 
pact, spirally curled locks, the hairs of which were to some extent intermingled so 
as to form a loosely aggregated mat. The locks were black and more slender than 
in the adult negro (fig. 18). Three specimens of the hair of children from ten months 


Fie. 18, — Kaffir locks of hair. 


to three years of age were also received; their character and arrangement closely 
corresponded to that of the woman. 

The Kafr hair from its short, spirally curled locks and their close arrangement 
should without doubt be classed as woolly (fig. 17). The Hottentots, on the other 
hand, had relatively long hair, capable of being artificially plaited into ornamental locks, 
an example of which as above recorded was about 12 inches long (fig. 16). They are 
not regarded as a pure race. 


NEGRITOS. 


Pyemy or dwarf races, shy in their habits, living in small communities and dis- 
tinguished by short stature, black or brown-black skins, woolly hair, brachycephalic 
or mesaticephalic skulls, are met with im some tropical countries. 

Andaman Islanders.—Surgeon BRaNDER, medical officer at Port Blair, stated * 
that they shaved the head, the operation being performed by women, who used their 
milk as a shaving soap. Locks of hair are therefore somewhat difficult to obtain, 
and the Museum possesses only two specimens of brownish-black hair, the longer 

* Proc. Roy. Soc. Kdin., vol. x. p. 415, 1880. 
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of which is 5°3 cm., though it can be stretched to 9 cm. (3% inches); its average 
breadth is about 3 mm. (fig. 19). Each lock consisted of a compact spiral bundle of 
hairs, which disengaged themselves at the sides and free ends, and assumed the form 
of short narrow ringlets. I owe to the late Dr JosepH Doucati, who had gained 
the confidence of the natives, a photograph of a group of thirty islanders of both 
sexes, in some of whom the hair was present, though in others the scalp was bare 


Fie, 19.—Andaman Islands locks of hair. 


as if shorn. The dwarf stature is well seen in contrast with that of Dr Dovucatt, 
who was a tall man, standing in the group (fig. 34). 

Semang.—A tribe living in the interior of the Malay Peninsula described by 
NeEtson ANNANDALE and H. C. Roprnson.* The Museum is indebted to the former 
for a lock of hair of a member of the Hami tribe, Jalor. It was black in colour, 
woolly, only 2°2 em. long, but could when stretched be somewhat elongated. The 
individual hairs were spirally twisted (fig. 20). 


Fic, 20.—Semang locks of hair. 


The Museum does not contain specimens of the hair of the Aetas of the Philippine 
Islands or of the pygmies in Central Africa. The question of the presence of Negrito 
pygmies in New Guinea, which long formed a subject of discussion, has now been 
definitely settled. In 1910 Captain Rawiine and Mr A. F. R. Wottaston dis- 
covered and described in their respective volumes of travel a tribe of pygmies in 
the Mimika River district at Tapiro, near the Nassau Mountains in Dutch New 
Guinea,t with short, black woolly hair, black whiskers and beard, chocolate-coloured 


* Fasciculi Malayensis, “ Anthropology,” part i., 1903. 
+ See their books on the New Guinea Pygmies and Papuans, op. cit., p. 317, footnote, and Bibliography. 
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skin, wide nostrils, thick lips, brachycephalic heads, and average stature in the men 
4 feet 9 inches. 

At the same time a Dutch expedition, engaged in exploring the North-West River 
district, situated east of the Mimika River, met with a similar tribe of pygmies in a 
village on a slope of the Goliath mountain. A careful description of the people was 
written by A. C. pE Kock, surgeon to the expedition, which has added to our know- 
ledge of the New Guinea pyemies.* A. J. P. v. p. BRoEK in a recent article { has 
compared DE Kocxk’s written descriptions with those of the English explorers, and 
has reproduced photographs of the people, whose physical characters strictly conform 
to those of other pygmy races. What is especially interesting in connection with 
this memoir is a description and drawing of the hair of the head and the pubic region, 
in both of which the locks were slender and had a typical spiral twist. The 
scalp lock closely resembled that of the Andaman islander drawn in fig. 19. The 
individual hairs were oval in transverse section, the longer diameter 105s, the 
shorter 75, whilst the colour was generally dark brown. 


I now propose to compare the Ulotrichous hair of the Tasmanians, Melanesians 
and Papuans with the Leiotrichous Australians, Maoris and other Polynesians, their 
neighbours in the Pacific region. 


AUSTRALIANS. 


It is generally acknowledged that in the aborigines of Australia the hair is black, 
relatively long, frequently straight, or with coarse natural curls, neither woolly nor 
artificially dressed in pencil-like ringlets, nor expanded into a mop-like mass, nor 
frizzled at the free ends (figs. 21,22). The University collection is indebted to Dr Wm. 
Ramsay Smita for heads from South Australia on which the hairy scalp had been 
retained. In all, the hair was black and straight, each hair had its independent 
course, and was not artificially dressed. In a man the hair did not exceed 4 cm. in 
length ; in two women the length in one was 6 cm., in the other 10 cm. (4 inches). A 
cutting of hair of a woman from Benalla, Victoria, was in wavy locks, 15 cm. long, 
which could be stretched to 18 cm. (7 inches). Another specimen presented by 
Dr FREDERICK PaGE was cut from the scalp of a native of Victoria plains, West 
Australia ; it was a loose curl, 10 cm. long, which could be stretched to 18 cm. 

I am indebted to Mr Line Roru for cuttings of hair from the aborigines of North 
Queensland, collected by his brother Dr Watrer HE. Roru. The specimens were 38 
in number, 29 of which were from adult males, 8 from adult females, and 1 from an 
infant three weeks old. They had been obtained from natives of the Morehead, Nor- 
mandy, Jack, M“Torr, Johnstone, Batavian, Musgrave and Lynd River districts, from 

* Tydschrift van het Koninklyk Nederlandsch aardrykskundig Genootschap. 


+ “Ueber Pygmaen in Niederlaindisch Siid-Neu-Guinea,” Zectschrift fiir Hthnologie, 45th Jahrgang, p. 23, Berlin, 


1913. 
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Capes Melville and Grafton, Barrow Point, Princess Charlotte Bay, Palm Isles and from 
the Coen, Herberton, and Chillagoe districts. In all the hair was black, though in some 
deeper in tint than in others. In the men the locks, usually from 4 to 8 cm. long, 
frequently consisted of a single loose curl, though in others the hairs were straight. 
In the women, again, the hair was wavy and loosely curled ; two specimens measured 
about 25 cm. (10 inches) when the curl was extended. The breadth of the curl in 
the specimens varied from 7 to 16 mm. In one specimen the lock, 10 cm. long, was 
formed of straight hair. The hair of the infant, said to be three weeks old, was 4 cm. 
long and showed a tendency to curl. 


Fic. 21.—Australian. 8. > 


The specimens of hair from North Queensland shared, therefore, with those which 
I have described from South Australia, Victoria and West Australia in the common 
character of colour, in being either straight, or wavy, or in loose curls. In Dr WaLTER 
Roru’s collection from such stations in Cape York Peninsula as the Normandy, 
Batavian, Musgrave and Lynd districts, the Coen, Capes Melville and Grafton and 
Princess Charlotte Bay, special attention was paid to the characters of the hair, as, 
from the proximity of Cape York to New Guinea, a migration of Papuans to the 
north of Australia might have been possible and a consequent intermixture with the 
Australian aborigines occasioning modifications in the hair. The natives of these 
stations showed, however, no sign of hair frizzly or woolly in its character. 

None of the specimens above referred to gave evidence of artificial dressing of the 
hair. A specimen from a native of Pink River, near Charlotte Waters, presented by 
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Dr Ramsay SmirH, consisted, however, of two locks, 30 cm. and 20 cm. long respec- 
tively. Each was formed of three strands plaited together, and in each strand the 


5! 


Fic, 22.—Australian. 9. 


hairs were twisted on each other, the lock was very slender, only 3 mm. broad. 
From the length of the locks the specimen was probably from the head of a woman. 


POLYNESIANS. 


By this term one understands the Maoris of New Zealand and the aborigines of 
eroups of islands across the Pacific from Tonga in the west to Easter Island, and 
as far north as the Sandwich Islands. Their chief physical characters are yellowish- 
brown skin, brachycephalic heads, average stature of men 5 feet 9 or 10 inches, hair 
black, long, straight, wavy or curly. 

Maoris.—The University Museum contains six dried heads, the faces of which 
have been tattooed and the hair of the scalp preserved. In one, xxxi. A, No. 51, that 
of a chief elaborately tattooed, the hair was parted along the middle and fell in 
large locks down the sides and back of the head and neck; at first it was wavy 
and it then formed loose curls which had reached the shoulders (fig. 23). The strands 
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of hair were from 30 to 37 cm. long and constituted a remarkable covering for the 
head. The lips and chin had a well-grown moustache and short beard. Nos. 47, 49 


Fic. 23.—Maori, New Zealand. No. 51. 


and 50 had hair which at first was almost straight but it ended in loose curls. 
In No. 48 the hair was scanty and consisted of a median sagittal strip with a lateral 


Fic. 24,—Maori, New Zealand. No, 52 


strip on each side following the line of the coronal suture. In No. 52, a female, the 
hair at the parting was thin; otherwise it was arranged in large loose curls, which, 
when uncoiled, were from 5 to 6 cm. long, but could be elongated to from 10 to 
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12 cm. In another specimen, No. 55, in the Museum, the hair had been removed 
from the scalp. 

Captain Cook described * the Maoris as he saw them in 1770. They were rather 
above the ordinary size, of a very dark-brown colour, the face tattooed, black hair, 
thin black beards and white teeth. In the men the hair was long, sometimes combed 
on to the crown of the head; in the women it was at times long, at others cut 
short. Numerous figures of the tattooed heads of Maoris are given by Major-General 
Rostey in his profusely illustrated work,{ a few from life, though mostly from dried 
heads, in some of which the hair was short and straight ; in others a little longer and 
in large loose curls; in others long, wavy and ending in loose curls. In no sense 
could the hair be described as short and woolly in the sense in which the term is used 
for the hair in the Negro, or long and frizzled as in Melanesians. 

Easter Island.—This island was visited by Captain Cook in 1774,§ whe gave a 
portrait of a man and a woman. He described the hair as black, worn long by the 
women, and sometimes tied on the crown of the head; the men had the hair of the 
head and beard cut short. They tattooed the skin of both face and body, and in 
colour, features and language bore affinity to the islanders further west. Later 
visitors have also called the hair black or dark brown, straight, smooth or wavy. 
In 1902 Dr A. B. Meyer presented me with a coil of hair from a native of this island.|| 
Its colour was dark brown approaching to black ; it was neither curly nor frizzled but 
smooth and silky. Its characters, therefore, were Polynesian and not Melanesian. 
The skin, it is said, was not black, but light brown when not exposed to the sun. 


Hair or Scarp, its ImpLantaTION, ForM aND STRUCTURE. 


The hair in man, in its mode of implantation in the scalp and in its form and 
structure, has been well described in text-books on histology. The descriptions have 
been chiefly based on the study of the hair in Kuropeans. Several copiously illus- 
trated works in which an account is given of the form and structure of the hair in a 
few non-European races, and in certain mammals, have also been published, viz. :— 


W. Waupeyer, Atlas der menschlichen und tterischen Haare, so wie der aéhnlichen Fasergebilde, 
Lahr, 1884. 

Hans FrigpentHal, “Entwicklung, Bau und Entstehung der Haare,” Lieferung IV., Bedtrdge 
zur Naturgeschichte des Menschen, Jena, 1908. 

Hans FrisventuatL, Tierhaaratlas, Jena, 1911. 

Gustav Fritscn, Das Haupthaar und seine Bildungsstdtte bet den Rassen des Menschen, 
Berlin, 1912. 


* Journal of the First Voyage, edited by Captain WHARTON, p. 218, London, 1893. 

+ In vol. iii. of HawkeSwortw’s Edition of Cook’s First Voyage (1773), plate xiii. p. 49, a tattooed head is depicted 
with the hair dressed in this way. 

{ Moko or Maori Tattooing, London, 1896. Fig. 172 is very like my fig. 23 on p. 328. 

§ Second Voyage, vol. i. Plates Nos. xxv., xlvi., p. 290, 1777. 

|| Abhand. wu. Bericht, Konig. Zool. u. Anthr. Museums zu Dresden, Bd. ix., 1901. 
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Implantation.—An important character in the growth of the hair in the scalp 
was recognised by the late Mr Cuartes STtEewart,* who compared the implanta- 
tion of the hair in the European with that in the Negro, and who stated that 
“remarkably curved so that they 
commonly described a half circle,” whilst in the European the follicular hair was 


in the latter the hair and its follicle were 


straight. This observation on the follicular hair in the Negro was verified by 
Dr ANDERSON StuaRrT,t though the amount of the curve was, he said, not more than 
about a quarter circle; further, he associated the curve with the curl of the hair, 
which gave to the hair in the Negro its woolly character after being extruded 
through the skin. 

Frivscu in his recently published treatise has added materially to our knowledge 
of the implantation of hair and the direction of its follicle in various races of men. 
He has described numerous sections through the scalp, perpendicular as well as 
transverse to the surface. Thus in Europeans, Chinese, Indians, Javanese and 
Fellahs the follicle with its included hair was directed vertically, or almost vertically, 
to the surface of the skin: but in other Huropeans, in Fellahs, Arabs, Abyssinians 
and Japs the direction was oblique but not curved. In Admiralty Islanders again 
and other Melanesians, in Papuans, in the Herero Bantu people, and more strongly 
in the Hottentots he saw the follicle with its included hair markedly curved. The 
vertical and in some degree slightly obliquely directed hair follicles were thus assoei- 
ated with straight-haired races, whilst the curved follicles were characteristic of the 
woolly and frizzly haired people. The inference drawn by ANDERSON StuaRrT from 
his observation on a Negro has therefore been confirmed by more extended enquiries. 

I have examined the implantation of the scalp hair of the Negro in both vertical 
and transverse sections. When the section was perpendicular to the surface the 
hairs and follicles could seldom be seen in their entire length ; they were cut across 
obliquely sometimes more than once. It was obvious, therefore, that the hairs did 
not pass straight from the papilla of origin to the place of exit on the surface, but 
had a curved direction, which varied in its degree in different hairs. It seemed as 
if the curve of the hair increased in rapidity as it approached the surface, so that it 
emerged at a more or less acute angle to the surface of the scalp (fig. 25). 

The deep end of the follicle had a characteristic appearance. Instead of being 
vertical like the papilla it was usually abruptly bent to one side, as if, from the 
beginning, an oblique or curved direction was thus given to the growth of hair and 
follicle, which, together with the more rapid curve near its emergence, contributed 
to the production of the spiral turn of the woolly locks on the scalp of the Negro. 

Frirscu figured the hair in the scalp in several tribes of African Bantus and 
Papuans in which the direction of the hair follicle was like that above described, 
and the bend in the follicle in the Hottentots was so marked that its direction 


* “Note on the Scalp of a Negro,” Royul Microscopical Society, January 1, p. 54, 1873, 
+ Journal of Anat, and Phys., vol. xvi. p. 362, 1882, 
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near the deep end was almost horizontal, and the scimitar-like curve of the hair 
approached half a circle. Vertical sections through the scalp, which he figured 
in the straight hair of Chinese and Europeans, contrasted, in the vertical or 
slightly oblique direction of the hair follicles, with the curved follicles of the 
woolly-haired races. 

I noted that a sebaceous gland was situated close to each hair follicle about 

opposite the juncture of its middle and upper third, and it reached almost to the 
pigmented Malpighian layer of the epidermis. With a curved follicle the gland was 
next its concave aspect. A band of non-striped muscle, the arrector pili, seen in 
many sections passed obliquely from the superficial part of the cutis to end in the 
hair follicle in proximity to the sebaceous gland. 
_ The sections through the cutis of the Negro, parallel to the plane of the surface, 
varied in appearance in accordance with the distance from the epidermis. At its 
deepest part the closed ends of the hair follicles were interspersed with coils of sweat 
glands and small collections of fat cells in the connective tissue. The follicles were 
cut across either transversely or obliquely. In some cases the section passed through 
the cells of the root sheath and bulb before cornification, in others the section was 
through the deep end of the hair itself. In each case the root sheath of the hair 
was seen to consist of an outer division lining the follicle, and an inner division 
investing the bulb, or the hair. The bulb, approximately circular in section, was 
composed of small nucleated cells somewhat pigmented. The inner and outer root 
sheaths in the plane of the bulb were of almost equal thickness, but in relation to the 
hair the outer sheath was distinctly thicker than the inner. The cells of the inner 
sheath were nucleated and elongated into short columns. In the outer sheath the 
nucleated cells were more numerous, and those most external formed a distinct layer 
next the wall of the follicle. In this plane of section the follicles with the contained 
hairs were mostly single, though some were in pairs placed side by side (fig. 27). 
Coiled tubes of the sweat glands, with their cellular contents, and fat lobules were 
situated close to the hair follicles. 

In transverse sections, not quite so deep, fewer single hairs were seen and the 
arrangement in pairs was more general. One of the twin hairs with its follicle was 
always distinctly larger than the other. The amount of difference in size may be 
expressed in the following figures: larger twin hair 0'0575, smaller 0°0425 ; larger 
twin 0°06, smaller 0°03. Each hair, or a pair of twins, was enclosed in a ring-like 
circle of connective tissue. Occasionally the section of the hair in its follicle was 
circular, but in most cases the sides were more or less flattened, with one side indeed 
somewhat indented, so that the section was ovoid, or slightly kidney shaped. <A 
transverse section of the flattened hairs showed two diameters, one longer than the 
other in accordance with the degree of flattening. 

Sections made immediately below the cuticular surface showed more completely 
the grouping of the hairs. Three hairs in their respective follicles were not uncommon, 
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and in rare cases a fourth was included in a group. The third or fourth hair was 
much smaller than the lesser of the two larger hairs, and the papilla from which it 
sprang had not sunk so deeply in the cutis as was the case with the larger hairs. 
In these sections other important changes in the cutis had taken place, the collections 
of fat cells were not present, the coils of sweat glands had disappeared, though the 
excretory ducts could be seen at intervals cut across in their course to the surface, 
and a new and important factor, the sebaceous glands had appeared. These glands 
were grape-like in character and consisted of several vesicles which opened into a 
common duct (fig. 28). The vesicles contained the nucleated secreting cells, some of 
which showed the characteristic granular fatty secretion of the gland. The gland 
duct opened into the funnel-shaped depression which also received the hair as it 
emerged from its follicle. 

The implantation of the hair in the scalp of a straight-haired aboriginal from 
South Australia was then compared with the woolly-haired Negro. In sections through 
the skin, perpendicular to the surface, the hairs and follicles were seen for the most 
part placed vertically and directed straight from the deep part of the cutis to their 
emergence through the epidermis. Some follicles were, however, oblique in direction 
and had consequently been obliquely divided. The follicles were not curved. The 
deep ends of the follicles were not all at the same depth, but as a rule they were in 
direct line with the axis of the hair and the papillz were vertical : in some specimens, 
however, this end was bent a little to one side, so slightly indeed as not to affect the 
curvature of the hair. In many specimens the whole length of the imbedded hair 
was present in its follicle, and at its emergence it was not acutely bent on the scalp 
(fig. 26). Ifa follicle had been obliquely divided, only a portion of the hair could be 
seen at one time. Most of the hairs in the follicles were marked by dark lines or spots 
as if pigmented, but a small proportion were almost colourless. It was noted that the 
coils of the sweat glands did not lie deeper than the hair follicles, and that in places 
they were found in close relation to the deeper vesicles of the sebaceous glands, the 
latter of which were large and almost reached the Malpighian layer of the epidermis. 

In transverse sections through the deeper part of the cutis in the Australian the 
hair follicles were scattered singly in the connective tissue (fig. 29). Some were cut 
across through the bulb in which the nucleated cells, soft and distinct, had not become 
cornified. In others cornification had taken place. The cells of the two divisions of 
the root sheath were well defined. A few scattered tubes of sweat glands were seen. 
In sections not so deep the follicles and cornified hairs were lying in pairs, one hair 
being somewhat larger than the other; the sweat glands were more numerous. As 
the sections approached the cuticle the grouping of the follicles became more marked, 
three hairs were usually grouped together, though a much smaller fourth was some- 
times seen. The sebaceous glands were large and close to the follicles, and as the 
intermediate connective tissue was reduced in amount, the section was largely made 
up of the glands and follicles (fig. 30). The gland vesicles were distinct and lined 
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by a well-defined layer of nucleated cells, internal to which numerous fatty particles 
could be seen, contained apparently in cells occupying the interior of the vesicle. 
Sections through the arrectores pilorum were numerous and many were seen attached 
to their respective hair follicles in one, two, or three bundles. In sections immediately 
below the rete Malpighi the sebaceous glands had disappeared, though the ducts were 
present, whilst the hairs were rearranged usually in pairs, prior to their emergence 
through the cuticle. 

Form and Structure.—A hair begins at the bottom of its follicle in a dilatation, 
or bulb, which surmounts and surrounds the papilla. Its follicular length in the scalp 
of the Negro averaged about 2 mm., in that of the Australian 2°5 mm. ; after its emer- 
gence, as the shaft of the hair, the length varied greatly in different races, but was 
longer in the Leiotrichi than in the Ulotrichi. The shaft diminished in diameter 
towards its free end, and, when uncut, it terminated in a point. 

In the course of time it became known that the shafts of the hairs were not 
uniform in shape; sometimes they were cylindriform, at others more or less flattened 
at the sides. Fifty years ago Pruner Bry undertook an extensive investigation 
into the form and breadth of the shaft in different races.* He made transverse 
sections of hairs and examined them with the microscope. Similar observations were 
subsequently conducted by M. Tortnarp.t It was thus recognised that some hairs, 
when transversely divided, were circular in form or approximately so; that. others 
again, more or less laterally compressed, were ovoid, elliptical, or kidney shaped. In 
the compressed group the section had two diameters, one longer than the other, and 


longer diam. + shorter On che beeeeee 


a hair index was calculated by the formula 


the long diameter was equal to 100, the index of breadth was its relation to that 
number. The hair index was low in the woolly-haired black races, in which the 
section was laterally compressed, and higher in the straight-haired races, in which 
the section approximated more to the circular. Topinarp from his own observations 
placed the yellow races in a group the hair index in which ranged from 79 to 90, 
the black races in a group from 40 to 60, whilst in an intermediate group com- 
prising Europeans, Polynesians, Laps, Fins and Australians, the index ranged from 
62 to 74. 

WALDEYER in his treatise figured transverse sections through the hair of the 
head in Europeans, a Negro, a Jap anda Jew: FRigpENTHAL also gave sections of 
hair in Kuropeans, Chinese, Papuans and in Togo negros. Frirscu in his great 
Atlas represented sections of the hair of Kuropeans, Esquimaux, the Yellow races, 
Polynesians, Australians, Papuans, Bushmen, Zulus and Negritos. 

Elaborate descriptions of the structure of the hair have been given in the best 
histological text-books.{ In the three illustrated special treatises on the hair 

* Mém. Soc. Anthropologie, t. ii. iii., 1863-64. + Eléments @d Anthrop. générale, p. 278, Paris, 1885. 


{ For example K6LLIKER, Handbuch der Gewebelehre des Menschen, 1889. 
TRANS, ROY. SOC, EDIN., VOL, L. PART IT. (NO. 10). 46 
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already referred to (p. 329) careful drawings of the medulla, the cortex and the 
cuticular covering in several races have been reproduced. 

Tasmanians.—Opportunities of examining the form and structure of the hair in 
this now extinct race have seldom occurred. The only references which I have found 
are—(qa) statement by Toprnarp * that the hair was flattened laterally and was ovoid 
or elliptical in transverse section, and that the hair index was 60, which was modified 
by Larrrux to 63; (b) Sypney Hickson described + the hair as light golden 
brown in colour, curly, very flat in transverse section, the average diameter of the 
curl being 5 mm.; the Tasmanian hair, he said, was finer than that of the Papuan, 
but not so fine as in the Andamanese; (c) FRIEDENTHAL, in a recently published 
paper,{ recorded the dimensions of a small sample of hair which Professor von 
Luscuan had supplied to him. The sample consisted of twelve hairs from 15 to 
91 mm. long, without roots but with their natural tips. The hairs, he said, were of 
reddish-brown colour and were curled comparable with the hair of Papuans. They 
were not cylindrical and the breadth in one diameter exceeded the depth in another ; 
a typical breadth was 0°095 mm., a typical depth 0°065 mm. [If the breadth or 
greatest transverse diameter is regarded as = 100, the hair index is about 68. 
Comparative measurements of the hair in other races are given by FRIEDENTHAL, 
the mean maximum breadth being as follows: Europeans 0°102 mm., American 
Indians 0°09 mm., Chinese 0°099 mm., Japanese 0°105 mm., Bushmen 0°0773 mm., 
and Bantu Hereros 0°083 mm. 

My observations on the form and structure of the hair of the head in Tasmanian 
aborigines were made on samples from two men and the old woman Truganini, 
also on some hairs of Mrs Cochrane Smith of mixed blood (pp. 310-311). In the 
aborigines the hair was black, or brownish black. The hairs obviously tapered to a 
fine point at the tip, which however had been frequently cut. The measurements 
were made with a screw micrometer eye-piece. In one male the root sheath had 
been drawn along with some of the hairs from the follicles; the breadth of the root 
hair, as well as the shaft was taken; in this specimen the short hairs referred to on 
p- 311 were also measured. Measurements of the clippings from the other male 
and from Truganini were also taken :— 


Male, maximum breadth of root hair 0:0875 mm. 


if 3 3 shaft ,, 0:0700 ,, 

», clipping of hair _,, : Jes LOSS 0a 

s 3 s tip 9 LOS0125) S 

Truganini shaft ,, 0°0575 ,, 
Short hair in male - root ,, 0:0725 ,, 
* . 9 shaft ,, 0:0675 ,, 

; 5 is tip »  9:0200 ,, 

* Eléments @A ntlrop. générale, pp. 278, 280, 1885. + In Line Rotr’s Aborigines of Tasmania, p. 226. 


| “Vergleich von Tasmanier-kopfhaaren mit den Kopfhaaren anderer Menschenrassen,” Zeitschr. fiir _Hthnologie, 
45. Jahrgang, Heft 1, p. 49, 1913. 
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When the hairs were examined microscopically, the shaft was seen not to be 
uniform in breadth, even in parts in close proximity to each other, owing to their 
resting sometimes on the larger diameter (breadth), at others on the smaller diameter 
(depth), so that it presented different aspects to the observer and was as if twisted 
on itself (fig. 31). The measurements of the two diameters, when computed by the 
formula, gave a hair index which averaged 67.* 

I examined the structure of the Tasmanian hair under low and high powers. 
The cortex, or rind, constituted the bulk of the hair, and was marked with dark 
spots and lines running longitudinally, which gave it the fibrous character and black 
or dark brown colour. The margin of the hair was distinguished by a bright, 
narrow, non-pigmented line which represented the thickness of the cuticular covering. 
Occasionally the hair split longitudinally in the direction of its fibro-cells. It was 
exceptional not to see an axial medulla in the dark hairs, both in the shaft and the 
follicular end; and the medulla constituted about one-fifth of the breadth of the hair. 
In many cases the medulla formed a continuous band for a large part of the length 
of the hair, but in others it was broken into short divisions or fragments. The 
medulla was so dark that its constituent cells could not be recognised. I have 
called attention on p. 311 to short delicate hairs emerging from the scalp. When 
closely examined they were seen to be brown, with a clear cuticle and dark lines 
and spots in the cortex, the latter of which were sometimes diffused; no sign of an 
axial band of medulla was visible. 

I have referred on p. 311 to the hair of Mrs Cochrane Smith, a Tasmanian half- 
breed, which differed both in colour and character from a pure aboriginal. Under the 
microscope two kinds of hair were distinguished, the one in shades of brown, mostly 
pale in tint, the other practically colourless. In neither was a pigmented band of 
medulla seen, and the hair consisted of cortex with a cuticular covering. The brown 
colour was due to spots and longitudinal lines in the cortex. The hair shaft varied 
in breadth, though without a definite twist, the maximum being about 0°08 mm. 
and the minimum about 050, which gave an index about 65. 

New Hebrides.—The observations were made on hair cut from the scalp. The 
shaft examined microscopically by transmitted light was not uniform in character, a 
broader diameter alternating with a narrower, owing to the twist of the hair on 
itself. In the middle of the shaft the broader part ranged from ‘097 to ‘08 mm., 
and the narrower part from ‘0625 to ‘0525, which gave a mean hair index 73. The 
cut ends of the hairs were from 055 to ‘(08 mm.; the diameter of the tip of a 
hair was ‘025. In structure the cortex had the customary fibrous appearance in 


* It has been customary to compute the hair index from measurements of the larger and smaller diameters in 
transverse sections of the hair. In determining the index in the Ulotrichi I have measured the larger and smaller 
diameters in adjoining parts of the twisted hair shaft itself, without making sections, and have computed the index 
with the customary formula. The results closely corresponded with those obtained by other observers from the 
measurement of transverse sections. The index of the hair in its follicle was, however, computed from transverse 
sections of the hairs as they lie in the cutis. 
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shades of brown. In each hair examined a distinct black axial medulla was present, 
which frequently extended for a considerable distance unbroken, but sometimes it 
was interrupted by relatively long intervals, though at others with only short 
gaps, and the cortex constituted the body of the shaft. In places the medulla 
was so broken up that the outlines of the cells could be seen. 

Solomon Islands.—The hairs were mostly coated with a black tenacious material, 
which was removed with difficulty, and until this was taken off the hair was black 


and opaque. The cortex of the hair was then seen to be dark brown with pigmented 
spots and longitudinal dark lines. In some hairs only cortex and cuticle were distinct, 
but others possessed a black medulla which was frequently broken into short sections. 
The diameter of the shaft ranged from ‘0500 to ‘0750, and that of the tip was ‘0200. 

New Guinea.—The specimens were cuttings. In the locks from Rubi, Geelvink 
Bay, the hairs were twisted; the broader diameter of the shaft was about ‘07 mm., 
the narrower ‘05 mm., the hair index about 68 (fig. 10). The cut ends measured 
in breadth about ‘05; the diameter of the pointed tip of one hair measured was 
‘02 mm. The individual hairs gave characteristic views of the light to dark brown 
fibrous cortex, and a dark axial medulla was also present. The medulla had a 
strong disposition to break up into fragments, so small indeed in places that the 
individual cells could be recognised without dificulty. The cortex was occasionally 
split longitudinally. 

In the cuttings of human hair from a dance mask from the Papuan Gulf the cut 
ends were on the average about ‘(05 mm. in breadth, but the free tip of a hair was 
only 0225 mm. The shaft showed the customary broader and narrower alternations 
in diameter due to the twist present in woolly-haired races; measurements ranging 
from ‘0875 to ‘0525 were noted, and a mean hair index 70 was computed. Under 
the microscope the hairs varied in their depth of colour, some were so opaque that 
their structure was ill defined, others were a deep brown, others a much lighter 
brown. In those lighter hairs the fibrous structure of the cortex was recognised, 
in some of which an axial dark medulla somewhat interrupted was distinct, whilst 
others again showed no trace of medulla. 

Negro.—In transverse sections through the cutis of the scalp, I measured the 
diameter of several hair follicles which ranged from 0°1 mm. to ‘0275, so that in 
the same plane of section a great diversity in the breadth of the follicle was seen. 
The divided cornified hairs lying in the follicles were also measured. It was excep- 
tional to find one circular in outline or even approximately so. As a rule they 
had two diameters, one definitely longer than the other, so that the hair was 
flattened laterally and the section was either a wide or an elongated ovoid, with 
sometimes a kidney-like depression on one aspect. The breadth or longer diameter 
of the section of hair in the larger follicles ranged from ‘075 to ‘0375, whilst the 
depth or shorter diameter was from ‘045 to ‘0325 mm.; the index computed from 
these dimensions was 51. The ends of the shafts cut from the scalp averaged 
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‘056 in breadth and the broadest was ‘07. Hach hair, when lying on a microscopic 
slide, had inequalities in breadth, even in closely adjoining parts of the shaft, 
owing to the natural twist in a hair, and the index computed from the longer and 
shorter diameters was 53. 

As a rule the hairs were so intense a black that the structural characters were 
obscured. Sometimes a brownish-black shade permitted transmission of a little 
light reflected from the mirror. The fibrous structure of the cortex was expressed 
by dark lines and spots, and by an occasional longitudinal splitting of the hair 
in the course of the fibres. An axial band of dark medulla was not recognised 
im any specimen, but the margin of the hair was defined by the cuticular 
covering. 

Bush.—In the hairs of this race the alternating broader and narrower diameters 
of the shaft were well pronounced, and the broader diameter ranged from ‘0625 to 
‘05 mm., whilst the narrower was from ‘05 to ‘035; the hair index was computed to 
average 50 (fig. 32). The cut ends of the hairs measured from ‘035 to 05 mm. The 
colour of the hair was black, though modified at times with a brown tint ; it pervaded 
the whole cortex with coarse lines and spots, but I saw no definite axial medulla. 
The grey hair of the old woman presented interesting features, for whilst the 
majority of hairs were colourless and the lines in the cortex were very feeble, 
a few had a distinct axial medulla. In some hairs the medulla, though almost 
colourless, was distinct from the cortex and showed indications of cells, but in others 
it was black and strongly differentiated. A few normally coloured non-medullated 
hairs were interspersed amongst the grey hairs. 

Hottentot.—The broader diameter of the twisted hair shaft in the specimens 
ranged from ‘0625 to ‘05 and averaged ‘0580 mm., whilst the narrower diameter 
ranged from ‘045 to ‘03 and the mean was ‘038 mm.; the hair index was com- 
puted at 50. The cut ends varied in diameter from ‘0525 to ‘0375 mm. The bulk 
of the hairs were black and so opaque that the structure was obscure, but a proportion 
had different shades of brown. The cortex showed its customary characters and 
was sometimes split longitudinally. A black axial medulla was frequently seen 
either as a continuous band, or in fragments, some of which were so small that they 
might represent individual pigmented cells. 

Kaffir.—The shafts of the twisted hairs showed a broader diameter which had the 
mean 0616, and a narrower ‘0437 mm.; the computed index was 52. The cut ends 
ranged from ‘04 to ‘0350, and the diameter of the tip was ‘(0225 mm. The cortex 
was so deep a black that the structure was obscured, but some hairs were split 
longitudinally in the direction of their fibres: an occasional brown-black hair was 
seen ; it is difficult to say if a medullary band was present, though probably not. 

Andaman Islanders.—The cuttings of hair of these Negritos, as they rested on 
microscopic slides, showed a marked twist, and the passage in the shaft from a 
broader transverse diameter to an adjoining narrower could be easily traced. The 
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broader ranged from ‘085 to ‘0625 with a mean ‘0725 mm., whilst the narrower 
was from ‘0525 to ‘0475 with a mean ‘(050 mm. The hair index was 61. The 
cut ends ranged in breadth from ‘08 to ‘035. In a few hairs the shaft began with the 
hair bulb, the largest example of which was ‘130 in transverse diameter: in another 
specimen the tip of the hair was ‘0225 in breadth. 

When examined by transmitted light the hairs showed various shades of brown, 
but were not black. The cortex was characteristically marked with brown spots 
and lines, and had a cuticular covering. The medulla was not recognisable as a 
black band, though in some hairs an axial stripe could be seen not deeper in tint than 
the cortex itself. 

Semang.—The specimen consisted of a single short lock curled so as to form a 
spiral. The shafts of the individual hairs were twisted and showed variations in~ 
breadth in adjoining parts of the length; the broader diameters ranged from ‘075 to 
0575, with a mean (0630 mm., the narrower ‘0375 to ‘(0350 with a mean ‘0362 mm. ; 
the hair index computed was about 50. The diameter of the cut ends ranged from 
‘07 to 0350. The hairs as a rule were black, but with transmitted light a few brown 
hairs were seen interspersed in the lock. The opacity of the black hairs interfered — 
with the determination of structure. In the brown hairs the cortex was characteristic 
and an occasional hair was split in the direction of the fibres. In some brown hairs an 
interrupted axial medulla was present in which dark-brown cells were recognised. 

Australians.—Transverse sections through the hairy scalp of the South Australian 
enabled the form of the hair in the follicles to be seen. Some were cylindriform, the 
majority had in section two unequal diameters with an ovoid outline. The longer 
diameter ranged from ‘0925 to ‘0675 mm. in breadth, the shorter from ‘06 to ‘0475 mm. 
in depth. One of the largest hair bulbs across the papilla was ‘112 mm. and the 
broad diameter of one of the smaller follicular hairs was only ‘0350 mm. Hairs 
measured at their cut ends and in the shaft showed variations in breadth and ranged 
from ‘107 to ‘0475, the mean of the longer diameter was ‘0860, that of the shorter 
‘0595, and the computed index of the shaft was 72. The narrow end of a hair near 
the tip was '0425. 

The shaft of an individual hair was smooth and almost uniform in transverse 
diameter (fig. 33, A) until it began to taper towards the tip. As a rule the hairs were 
black and opaque, though a few were deep brown and permitted a transmission of light. 
The cortex and its cuticular covering were usually the sole constituents of the brown 
hairs; but, in a small proportion, a medulla, darker in colour than the cortex, occupied 
the axis, and could be traced as a continuous band for some distance, though in places 
it broke into shorter fragments. 

Maori.—The hair of the New Zealand aborigines was smooth, not twisted, and was 
almost uniform in breadth in the greater part of the shaft, amounting frequently to 
‘1 mm. or a little less (fig. 33, M); the mean of the cut ends through the shaft was ‘08, 
and the lowest transverse diameter was ‘065 mm.; the hair index was computed as 85. 


Fic, 25.—Negro. 


Fic. 27.—Negro. T.S. 
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Fic, 28.—Negro, T.S. 
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The hairs were usually black and so opaque that the structure could not be accurately 
differentiated ; sometimes, however, hairs permitted some light to be transmitted, 
when either no medulla was seen, or occasionally a black medullary band, enclosed 
by the less opaque cortex, formed the axis of the hair. 

Easter Island.—The shaft in the individual hair was uniform in breadth, until it 
began to taper to the tip ; it showed no trace of a twist such as one sees in the Ulotrichi, 
and was a good example of a straight smooth-haired race. The breadth of the shafts 
and of their cut ends averaged about ‘07, the shaft in its broadest part ranged from 
‘07 to ‘087 and it was not twisted. The hairs were in shades of brown, though in 
mass they were black brown, and the dark spots and lines in the fibrous cortex were 
well marked. Many hairs consisted of cortex with its cuticular covering, but in others 
a dark axial medulla could also be seen, which had a tendency to break up into small] 
divisions (fig. 33, E). 


SUMMARY. 


1. The locks of hair in the Ulotrichi are characterised by being either short and 
woolly, or moderately long and frizzly. Three factors combine to produce hair of 
this character : 

(a) A curved, and not a straight, follicle in the cutis; and a consequent curve 
of the contained hair, which emerges at an acute angle to the surface of the scalp. 

(b) The hair shaft in transverse section is not cylindrical, but oval, elliptical, or 
kidney-shaped, one diameter of which forms the maximum breadth of the shaft, whilst 
the shorter diameter at the end of the section expresses the depth of the section. 

(c) Each hair shaft is twisted on itself, and when placed on a flat surface it lies 
alternately on its lateral maximum diameter and on its shorter diameter. 

(d) The individual hairs after their emergence collect into locks in which the 
hairs are spirally curled. When the spiral is strongly compressed the locks are 
short and woolly ; when it is more open the locks are longer and more like narrow 
ribbons or cords. 

(e) The hair is either black or brownish black, though sometimes it is artificially 
bleached to a light or yellowish-brown tint. 

2. The Tasmanians in the character of the hair belonged to the Ulotrichi. The 
hair shafts flattened laterally had broader and shorter diameters, the difference 
between which is expressed by a moderate hair index ranging from 63 to 68. The 
shaft was not a narrow band continued in one plane, but was twisted on itself, was 
oval or elliptical in transverse section, and rested, when lying on a plane surface, 
alternately on its broader and shorter diameters. The hairs, as attached to the scalp, 
were at times moderately long and arranged in slender ringlet or cord-like locks, in 
which they formed a compact spiral coil, though, when the hair had been cut short, it 
presented the appearance of, matted curls; in colour it was black or brownish black, 
As in only one of my specimens a portion of the scalp had been preserved, and that 
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was dried and with the cutis imperfect, the form and direction of the follicle with its 
contained hair could not be precisely defined, but from the character of the hair itself 
there can, I think, be no doubt that the follicles and the contained hair were curved, 
as is the case in the Negro, and, as has been shown by Frirscu, in other Ulotrichi— 
Melanesians, Papuans, Hottentots, and Bantus. 

3. The cortex formed the essential constituent of the Tasmanian hair shaft. 
Sometimes no medulla was present ; but, as a rule, the axis of the hair consisted of a 
band of dark-coloured medulla, which might be either continuous or in fragments. 


Fic. 31.—Tasmanian. 


Fic. 32.—Bush. 


The twist in the individual hairs occurred more frequently in a given length of the 
shaft in a woolly hair, as in the Bush, than in the same length of the frizzly-haired 
Tasmanian (figs. 31,32). + 

4. The hair index in the Tasmanians, 63 to 68, was higher than is found generally 
in those Ulotrichi who are markedly woolly. In the specimens measured in this 
memoir the following average indices were obtained :—Negro, 53 ; Bush and Hottentot, 
each 50; Kaffir, 52. Of the Negritos the index in the Semang was 50; in the 
Andaman Islander, 61. 

5. The Melanesian natives of New Guinea and the New Hebrides had a higher 
hair index, which reached 70 in the Papuans and 73 in the New Hebrideans. They 
approximated in this respect more closely to the Tasmanians than to the Negroes. 
So far as the maximum breadth of the hair shaft affected its texture and gave to it 
a relatively coarse character, the Papuans, New Hebrideans, and Tasmanians reached 
‘09 and ‘08 mm., whilst in the proper negroid races ‘(07 mm. was the maximum 
measured. 

6. It has been generally recognised that in the Australian aborigines the hair 


had the distinctive character of the Leiotrichi; either straight or wavy, and 
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relatively long; in which respects it differed from the Ulotrichi. But in other 
characters it also showed marked differences. In its mode of implantation in the 
scalp the follicle was not curved as in the latter, and with its included hair was 
directed vertically in the cutis. At its emergence it did not make an acute angle 
with the scalp. The shafts of the hairs retained their direct and independent courses 
and did not show a disposition to aggregate into locks, in which the hairs were 
spirally arranged, though they might become wavy and form loose curls. The 
form of the shaft, which was a continuous smooth plane and was prolonged to the 
tip without being twisted on itself, presented also a striking contrast to the woolly 
and frizzly haired races. In these particulars, therefore, the hair of the Aus- 
tralians, as also that of the Maoris and other Polynesians, did not possess those 
developmental and morphological characters which contributed to give to the hair 
of the Ulotrichi distinctive features (fig. 33). 


Fic. 33.—A, Australian ; M, Maori; E, Easter Islander. 


7. The hair of the Maoris and of the natives of Haster Island, representatives of 
the Polynesians, was relatively long, wavy and sometimes in loose curls, but not 
twisted on itself, or arranged in spiral locks. I have had no opportunity of ex- 
amining the implantation in the cutis, but it may reasonably be inferred that the 
follicles and follicular hair were not curved, but were straight and vertical, or 
approximately so, to the surface of the scalp as in other Leiotrichi. 

8. In Parts I. and II. of the series of Memoirs on the Tasmanians their crania 
were compared with those of Australians, Papuans, Melanesians and the Negritos 
of the Andaman Islands, and the much vexed question of the descent of the 
Tasmanians was considered. 

9. The opinion of anthropologists generally that the aboriginal Australians, as 
we now know them, have marked racial characters, which distinguish them from 
the Tasmanians, is strengthened by the study of the hair described in this memoir. 

10. Differences in the characters of the crania of the Tasmanians, when compared 
with the Papuans and Melanesians, led me to say that the Tasmanians were not in 
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direct descent from the Melanesians as we know them at the present day, though in 
the structure of the hair, as now described, they have some characters in common. 

11. From the comparison with the Negritos of the Andaman Islands I stated that, in 
physical characters, the Tasmanians were more closely allied to the Negritos than to the 
Melanesians. To these I can now add the form and structure of the hair, which, when 
permitted to grow, had in both races a definite arrangement in spirally curled locks 
of moderate length, which might assume the appearance of slender cords or ringlets. 

12. The contrast between the Andaman Islander and the Papuan or Melanesian 
is very marked. In the former the skull was small, rounded, brachycephalic ; parietal 
eminences prominent; vault flattened; cranial height less than breadth ; forehead 
smooth, not retreating; glabella and superciliary ridges feeble: nasion shallow; 
nasal index platyrhine; facial profile relatively vertical; stature dwarf-like; skin 
dark, approaching black ; hair in short, woolly, slender cord-like ringlets. On the 
other hand, in the Papuan and Melanesian, the skull was long, relatively narrow, 
markedly dolichocephalic ; vault roof-shaped ; cranial height more than the breadth ; 
forehead retreating; glabella and superciliary ridges strong; nasion deep; nose 
platyrhine ; facial profile prognathic; stature moderate; skin blackish, or dark 
brown ; hair, when allowed to grow, mop-like and frizzly. 

13. The Tasmanian in his physical characters seemed to occupy a place intermediate 
to the Negrito and the Papuo-Melanesian, though more closely associated with the 
former. The mean cephalic index was sub-dolichocephalic, on the confines of the 
dolicho- and mesaticephalic groups; the parietal eminences were prominent ; the vault 
had special characters of its own,* though flattened as in the platychamecephalic 
Negrito; the hair also closely corresponded to the Negrito. On the other hand, the 
forehead, glabella, superciliary ridges were more in accordance with the Melanesian, 
and the Tasmanian was not a pygmy, but was moderate in stature. 

14. In discussing the question of the origin and descent of the Tasmanians, it 
would be wrong to regard them as a race which had no affinities with any other race. 
From the fact that Tasmania had originally been continuous with Austvralia, its 
population had undoubtedly been derived from a race coming from the north, 
east, or west and not from the south. FLower regarded the Tasmanians known 
to us, aS aberrant members of the Melanesian group showing variations in their 
physical characters, which might have arisen and become intensified and perpetuated 
from their geographical position and insulation. Huxiey considered them to be 
a Negrito modification of the Negroid division of mankind, which had migrated from 
Asia eastwards as far as New Caledonia and subsequently southwards to Tasmania. 
Line Rotu spoke of them as aborigines of Australia who had in course of time been 
displaced by the existing straight-haired Australian natives. 

15. I stated in Part I. that the evidence favoured their descent from a primitive 
Negrito stock, which had migrated across Australia, rather than by the route of the 

* Described in detail in Parts I. and II, 
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Oceanic islands lyimg to the north and east of the Australian continent. Since it 
was published an important link in the chain of evidence has been supplied in the dis- 
covery by the English and Dutch explorers in the mountains of West New Guinea 
of a pygmy race possessing undoubted Negrito characters (p. 324). It has therefore 
been established that Negritos continue to occupy limited tracts in the mountains 
of that island, though the country generally is now mostly populated by the more 
virile Papuans. The descriptions by Captain Rawuine, Mr Wo.t.aston, and Messrs 
DE Kock and v. p. BroEK* have satisfactorily established the physical differences 
between the Pygmies and the Papuans, and it is clear that up to the present day a 
characteristic Negrito race has been preserved in the great island to the immediate 
north of Australia. 

16. The possibility, therefore, of the extension of Negritos throughout Australia, 
before its southern end had become an island separated by the Straits of Bass, has been 
accentuated by this fact. The fauna of Tasmania, as regards many species, is identical 
with that of Australia. The human element, when Tasmania was discovered, was, 
however, not the same in the two countries. On the hypothesis that Australia had 
originally been peopled by Negritos, that race had disappeared from it, and the 
straight-haired race, now known to us as the aborigines, had taken its place. The 
fact that similar straight-haired aborigines had not been found in Tasmania, points to 
its separation as preceding their extension into the present southern seaboard of the 
ereat Australian continent. 

17. The structural differences between the Negritos and the Tasmanians may 
have been due to the geographical insulation of the latter, the production of varia- 
tions from time to time, and their intensification and perpetuation through many 
generations. 

18. The hypothesis that the Neegritos had migrated eastwards along the chain of 
islands in the Western Pacific as far as New Caledonia, and had become the ancestors 
of the Melanesians, does not harmonise with the existence, at the present day, side 
by side in New Guinea of Negritos and Papuans. The food, climate and altitude 
in the districts which they respectively occupy are essentially the same, and no 
possible difference in environment would adequately account for the production 
of the modifications in physical structure and in character, which distinguish the 
energetic, sea-loving Melanesian from the shy, forest-retiring, pygmy Negrito, such 
as would lead one to think that they were descended from a common ancestor. 

19. In regard to the ancestry of the Melanesians some anthropologists maintain 
that they have ethnic relations with the Indonesians, who occupy the great islands 
of the Archipelago south of the continent of Asia. It is, however, to be kept in 
mind that in the Indonesians the skull is either dolicho- or mesaticephalic ; the breadth 
and height of the cranium are almost equal; the mean nasal index is mesorhine ; the 
facial profile is orthognathous ; the stature is low though not that of a pygmy; the 

* Referred to on p. 325 and in Bibliography. 
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skin is brown rather than black; the hair is black, long and straight. Collectively 
these characters constitute marked physical differences from the Melanesians, and 
approximate the Indonesian more to the Polynesian race of the Pacific. 

20. The difference between the direction of the follicle and hair in the scalp, 
and in the form of the shaft, seen in the straight-haired Australian and the woolly- 
haired Negro, applies also without doubt to other races which possess one or other 
of these types. It adds, therefore, an important character in the differentiation of 
Australians from Tasmanians, and in its general application also emphasises the value 
of the study of the development of the hair and the form of the hair shaft, in con- 
sidering the affinities and descent of the races of men. It also raises the question if 
a race belonging to one of these two marked types can be descended from a race in 
which the other type of hair is a distinctive feature. If this were confirmed, it would 
tend to negative the suggestion recently advanced by Serat, that the descent of the 
Tasmanians has been (through the acquisition of new characters and by the loss of 
others during thousands of years) from a branch of his so-called American genus 
Hesperanthropus, which he thought became diffused over the Pacific area, where, in 
addition to the frizzly-haired Melanesians and Tasmanians, the straight - haired 
Polynesians constitute also an important ethnic element, 
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EXPLANATION OF FIGURES. 


The locks are specimens of the hair drawn by Mr J. T. Murray: the micro-photographs are by 
Mr Ernust J. Henperson of the Anatomical Museum, from sections made by him; the 
process blocks are by D. Srevenson & Co. 


Fig. 1. Reproduction of portrait of Truganini, the last Tasmanian woman. From a photo. presented to 
me in 1888 by Dr Luoyp H, OxLpmzapow. 

Fig. 2. Small lock of hair of Truganini ; also lock of hair from a male Tasmanian attached to a fragment 
of the scalp. 

Fig. 3. From a photograph. Bust of a male Tasmanian presented to the Museum by Professor 
ANDERSON STUART. 

Fig. 4. Natives of Tanna, New Hebrides. From a photo, presented by the Rev. J. H. Lawriz. 

Fig. 5. Three spiral locks of hair from a native of New Hebrides. 

Fig. 6. Locks from a native of Tanna, with some matted hair. 

Fig. 7. Locks from a native of Futuna, New Hebrides. 

Fig. 8. Bunch of hair arranged as a top-knot, probably from a man of the New Hebrides. 

Fig. 9. Native of Port Moresby, New Guinea, showing mop of hair. From a photo. 

Fig. 10. Locks of hair from native of Rubi, Geelvink Bay, New Guinea. 

Fig. 11. Lock from a dance mask, Papuan Gulf. 

Fig. 12. Norma verticalis, head of Negro, showing mat of hair. Photographed from nature. 

Fig. 13. Locks of spiral hair from two Negros, 

Fig. 14. Bushwoman, showing the woolly hair on scalp. Photo. presented by Dr J. B. Luster. 

Fig. 15. Matted hair and separate spiral locks of Bush race. 

Fig. 16. Plaited hair of Hottentot. 

Fig. 17. Zulu Kaffir woman, showing woolly hair on scalp. From a photo. 

Fig. 18. Spiral locks of hair of Kaffir woman. 

Fig. 19. Spiral locks of hair of Andaman Islander. 

Fig. 20. Spiral locks of hair of Semang, from Malay Peninsula. 

Fig. 21. A male Australian with the hair in loose curls, 

Fig. 22. A female Australian with the hair straight or wavy. Figs. 21 and 22 are from photos. pre- 
sented by Dr Wm. Ramsay SmirTu. 

Fig. 23. Head of Maori chief. From specimen No. 51 in the Anatomical Museum. 

Fig. 24. Head of female Maori. From No. 52 in the same Museum. 

Figs. 25-33. From micro-photographs. 25. Vertical section through scalp of Negro, showing a curved 
follicle with its included hair, the papilla and the hair bulb: the duct of the sebaceous gland opened into 
the funnel-shaped mouth of the follicle. 26. Vertical section through scalp of an aboriginal Australian, with 
straight follicles and hairs, also bulbs, papille and sebaceous glands. 27. Transverse section through deep 
part of cutis of Negro, showing follicles with contained hairs and root sheaths. 28. Transverse section 
through cutis of same, nearer the surface, showing grouping of follicles, hairs with sebaceous glands; the 
blank areas are the empty vesicles of the sebaceous glands. 29. Transverse section through deep part of 
cutis of Australian, showing follicles, root sheaths, hairs and sweat glands. 30. Transverse section through 
superficial part of cutis of same, showing grouping of follicles, hairs with sebaceous glands and the arrectores 
pilorum ; the connective tissue is relatively small in amount; a sweat gland lies at the right border, and 
the sebaceous glands are alongside the follicles. 31. Hairs of male Tasmanian, showing the twist of the 
shaft. 32. Portion of lock of Bush hair, showing alternation of the broader and shorter diameters, due to 
twisting of shaft. 33. A, single straight hair of Australian, M, of Maori, E, of Easter Islander, not twisted. 
A, and M, x50; E. x 90. 

Fig. 34. Group of Andaman Islanders along with Dr JoszepH Doveatu. From a photo. 
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XI.—The Pinna-Trace in the Ferns. By R. C. Davie, M.A., B.Sc., late Robert 
Donaldson Research Scholar in the University of Glasgow, Lecturer in Botany 


in the University of Edinburgh. Communicated by Professor I. BayLEy 
Barour, F.R.S. 


(MS. received May 4, 1914. Read June 1, 1914. Issued separately August 18, 1914.) 
(Plates XXXIIL-XXXV.) 


The relation of the leaf-trace to the vascular system of the stem in the Ferns has 
been exhaustively investigated during the past fifteen years by various workers, 
especially by GwyNNE-VAUGHAN and BoopLz in this country and by JEFFREY and his 
pupils in America. The interpretations of the numerous types of Fern stele and 
leaf-trace have caused much discussion. And the discovery of a wonderful series of 
fossil Ferns has not settled the discussion of the evolution of the Filicinean vascular 
system, but has carried the battle on to another field. 

The fossils have recently yielded up the structure of their pinna-traces (Kipston, 
08; BertTRAND, 09; Gorpon, 11). Simultaneously an attack has been made on the 
pinna-traces of living Ferns. Various pinna-traces were described in curious mathe- 
matical formule, but no comparisons were made of the different types, by BERTRAND 
and CorNAILiE (02) in their Etude swr quelques caractéristiques de la structure 
des Filicinées actuelles. TAaNsiny in 1908 drew attention to the Fern leaf as the 
stronghold of many anatomical problems, and reproduced in detail almost the only 
account of the departure of the pinna-trace, that of Matoma pectinata, R. Br., by 
Sewarp (99). Compton in 1909 described the branching of the leaf of Matonia 
sarmentosa, Baker, and figured the departure of the pinna-traces. CHRYSLER in 
1910, in making comparisons among the Ophioglossacee, referred to pinna-traces in 
the Osmundacez and Polypodiaceze, while Srynotr in the same year described the 
pinna-traces of some of the Osmundaceee. In 1911 SinnoTT made a rapid survey of 
the Filicinean leaf-traces, briefly referrmg to the relation between them and the 
pinna-traces. GWyNNE-VAUGHAN (11) amplified some of the American work on the 
Osmundacez and made the first contribution to the knowledge of the pinna-trace in 
ontogeny. In 1912 Bower described in detail the pinna-traces of Lophosoria pruinata, 
Pr., and Gleichenia linearis (Burm.) Clarke, and placed some weight upon the 
structure of the pinna-trace as a phyletic criterion. In working through the vascular 
anatomy of Peranema cyatheoides, D. Don, I found a difference in the type of 
pinna-trace departure in the basal and terminal pinnz, and, following the lead of 
CHRYSLER (10, p. 5), named the one “marginal” 
(Davis, 12). 

In the marginal type the first indication of the preparation for the departure of 
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the pinna-trace, as the leaf-trace is followed up the petiole, is an extension of the 
mass of tracheides on the adaxial side of the petiole. In Asplenrwm obtusatum,*™ 
Forst. (Pl. XX XIII. fig. 1), which may serve as an example of this type, the two masses 
of xylem are curved in outline, the convex sides of the curves being directed towards 
each other. The adaxial extremities of these xylem-masses become extended towards 
the adaxial corners of the petiole. As the pinne are not inserted exactly opposite to 
each other, first the extremity of one and then that of the other xylem-mass is separated 
off from the parent trace. Phloem completely surrounds the xylem in both portions 
of the leaf-trace, and the marginal tracheides when nipped off are surrounded by a 
narrow ring of phloem. There are protoxylem elements at the abaxial tips of the 
leaf-trace and on the adaxial sides, not far from the ends. The pinna-trace has one 
small protoxylem group on one side at the time of separation. 

As the tracheides at the margin of the leaf-trace strand are separated from the 
parent strand to supply the pinna-trace, this type of pinna-supply is termed the 
“marginal” one. 

The marginal type is not always as simple as this, however. In Loxsoma 
Cunningham, R. Br. (Pl. XX XIII. figs. 5 and 6), the leaf-trace in the base of the petiole 
is curved in outline. It has a little hook at each extremity. Below the first pinna 
this trace extends laterally ; the hook is pushed further and further from the centre 
of the petiole, a widening of the leaf-trace takes place in the antero-posterior 
direction just back from the hooked extremity (Pl. XXXII. fig. 5); this widened 
region becomes arched like the parent trace, and the arched extremity is nipped off 
as a pinna-trace (Pl. XX XIII. fig. 6). 

This is more complicated than the process in Aspleniwm obtusatum, the presence 
of the hooked extremities dictating the complexity. 

In Balantium culcita (L’Hérit.) Kif. (Pl. XXXIV. fig. 18) the leaf-trace has small 
terminal hooks. Its outline is at first that of a simple arch with an almost flat 
abaxial portion flanked by curves (text-fig. 1). As the trace ascends towards the first 
pinnee it becomes extended towards the adaxial corners of the petiole; an arching 
more marked than that of Loxsoma goes on in the extensions, and the pinna-trace 
departs as a replica of the parent trace, taking with it the original margin. 

The simplest example of the marginal type of supply from a hooked leaf-trace is 
found in Aneinua hirta (L.) Sw. (Pl. XXXII. fig. 3). Each hook is merely a little 
group of tracheides placed at right angles to the set composing the side of the leaf- 
trace. The pinna is supplied from an extension of the extremity in the usual manner. 
A swelling in the side of the leaf-trace not far from the tip is the breaking-point for the 
pinna-trace. The new hook of the leaf-trace is the remnant of the dilated portion. 

All four types agree in nipping off the margins of the leaf-traces to supply 
the pinne. 


* For the sake of uniformity, the nomenclature throughout this paper is that of the Index Filicwm (CHRISTENSEN, 
1906). 
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The “extramarginal” types differ from them in leaving the leaf-trace margins 
intact throughout the petiole. In Didymochlena truncatula (Sw.) J. Sm. (Pl. XX XU. 
fig. 7), the leaf-trace is composed of several strands. The two adaxial strands have 
their margins sharply recurved, so that they are almost parallel to the adaxial 
surface of the petiole. To supply the basal pinna, the back of the hook is lengthened 
towards the adaxial corner of the petiole. Across the narrow space between the 
two strips of tracheidal tissue thus formed new tracheides spread. The original 
outline of the leaf-trace strand is thus re-formed, while a ring of tracheides is attached 
to the back of its hooked portion. This ring soon separates, to pass into the base of 
the pinna and divide up into a pinna-trace resembling the leaf-trace. The margin of 


Text-Fic. 1. —Balantiwm culcita (L’Hérit.) Klf. Successive stages in the development and liberation of the pinna-trace. 


the parent trace remains intact during the process. Since the pinna-trace goes 
off from the outside of the parent strand, the method of supply may be termed 
“ extramarginal.” 

The process of supplying the basal pinne is exactly the same in leaves with 
unbroken leaf-traces, such as that of Odontosoria chinensis (L.) J. Sm., var. Veitchit 
(Pl. XXXIV. fig. 9). 

In this species and in Didymochlena truncatula no gaps are left in the tissues 
of the parent trace when the pinna-trace is given off. Sometimes, however, the 
departure of the pinna-trace makes a gap in the tissues at the back of the hook in 
the leaf-trace. This is readily seen in Leptopteris hymenophylloides (A. Rich.) Pr. 
(Pl. XXXIII. fig. 8). Hymenophyllum demissum (Forst.) Sw. (Pl. XXXIV. fig. 10) 
gives off the supply to the basal pinnee in the extramarginal manner. The tracheides 
of the leaf-trace do not form a perfectly continuous series, but the marginal set, 
which terminate the hook of the leaf-trace, remain-in position when the pinna-trace 
departs. It can hardly be said that a gap occurs opposite to the departing pinna- 
trace, for a single tracheide occurs between the-end of the abaxial curve and the 
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marginal set of tracheides. The method of pinna-supply in Blechnum orientale, L. 
(Pl. XXXIV. fig. 11), is the most nearly marginal among the extramarginal types. 
Only one or two of the marginal tracheides remain when the pinna-trace departs, but 
the method of separation of the pinna-trace is certainly extramarginal. The typical 
lengthening of the hook, the bridging of the narrow space between the adaxial curve 
and the margin of the hook, and the retention of the marginal tracheides are all 
found in the process in this Fern. 

“Thin partitions ” divide the bounds of marginal and extramarginal types. Gymmo- 
gramma Pearcei, Moore, var. robusta (Pl. XXXIV. fig. 12), Ceropteris calomelanos 
(L.) Und., and C. calomelanos, var. chrysophylla, KIf., have the same type of leaf-trace 
strand as Blechnum orientale. The pinna-trace goes off from a lengthened leaf-trace 
strand, which, however, re-forms its hooked extremity from a swelling of tracheides 
back from the margin. This swelling never catches up the marginal set of tracheides 
of the original leaf-trace. The Gymnogramma type is but a step from the type 
described in Blechnum orientale. 

Histiopteris incisa (Thbg.) J. 8m. (Pl. XXXIV. fig. 15 and Pl. XXXV. fig. 16) illus- 
trates a curious combination of the two types in its process of pinna-supply. The 
leaf-trace has the outline of that of Balantiwm culcita—a flat-topped arch with in- 
curved sides. Small hooks are present at its extremities. The hooked extremity 
lengthens in the usual way and gives off its tip in marginal fashion. Simultaneously 
the projecting corner of the arch beside it also lengthens, and from it is nipped off a 
ring of vascular tissue in the extramarginal manner (Pl. XXXIV. fig. 15). The two 
strands pass towards the base of the pinna, come together, and by the opening out 
of the adaxial side of the extramarginally-derived portion form a pinna-trace 
exactly like the leaf-trace (Pl. XXXV. fig. 16). 

In one or two broken leaf-traces a reminiscence of this combined process seems to 
appear. All three strands are unhooked in Aspidiwm Moorei (Hk.) Diels. Part of 
the pinna-trace comes from the tip of the adaxial strand, part from the median strand 
—those parts which correspond to tip and arch-corner in Histiopteris incisa. The 
pinna-trace of Leptochilus cuspidatus (Pr.) C. Chr. also comes from portions of the 
leaf-trace corresponding to those supplying the pinna in HMistiopteris incisa. The 
leaf-trace is made up of six or seven strands (text-fig. 2). The adaxial pair have 
incurved extremities and give off the backs of their hooks to supply part of the 
pinna-trace. The rest of the pinna-trace comes from the two subsidiary strands next 
in order to the adaxial strand as we go towards the abaxial side of the petiole. These 
subsidiary strands have simple plates of xylem, from which the strands going to the 
pinne are simply nipped off. 

The pinna-traces of most of the Cyatheaceze bear a resemblance to these. 
GWwyNNE-VAUGHAN (’03) has called attention to the distinction made by BerTRanD 
and CoRNAILLE (02) between the two regions of the petiolar trace, (1) the abaxial 
curve, and (2) the adaxial arcs. The pinna-trace of Cyathea Brunonis comes partly 
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“from the point where the adaxial arc or the xylem hook joins on to the abaxial 
eurve,” and partly “from the abaxial curve itself at the point where it is folded 
inwards.” These are just the points of departure of the pinna-trace in Histiopteris 
incisa and Leptochilus cuspidatus, but the involution of the trace in Cyathea 
Brunonis and its folding to the abaxial curve make both strands in it go off extra- 
marginally. 


Trxt-Fic. 2.—Leptochilus cuspidatus (Pr.) C. Chr., showing the method of pinna-supply from the leaf-trace. 


These types of pinna-trace cover the variations which are found in the genera 
examined. Upwards of a hundred and fifty species have been worked through, and 
the method of vascular supply to all the pinnze noted from base to apex of the leaf. 
The species were at first chosen at random, but soon a general trend could be observed 
through the families in phyletic order. And the later species examined were selected 
because of their positions on phyletic lines. The classification adopted in the 
accompanying table of the results (p. 354) is that of Dizts in ENGLER and PRanTt’s 
Natiirliche Pflanzenfamalien, a classification which corresponds closely to Bowkr’s 
grouping into Simplices—Gradatee—Mixte. 

Starting with the Leptosporangiate Ferns, we have the Osmundacez showing 
extramarginal supply to the pinna-traces. The length of the gap may vary. It is 
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Summary of Results of Investigation. 


Extramarginal Type of Pinna-Supply. 


Todea barbara (L.) Moore. : 
Leptopteris hymenophylloides (A. Rich.) Pr. 
Osmunda javanica, Bl.; O, regalis, L. 


Gleichenia circinnata, Sw., var. spelunce ; G. flabellata, R.1 
G. rupestris, R. Br. fe 


Hymenophyllum demissum (Forst.) Sw.; H. dilatatum Fo 
Sw. ‘ 
Trichomanes elegans, Rich. ; 


T. radicans, Sw. 


Cibotium Schiedei, Schlecht. et Cham. 
Thyrsopteris elegans, Kze. 

Cyathea mexicana, Schlecht. et Cham,; C. pubescens, : 
Hemitelia grandifolia (Willd. ) Spr. 
Alsophila glauca (Bl.) J. Sm. 


Peranema cyatheoides, Don. 
Diacalpe aspidioides, Bl. 

Woodsia ilvensis (L.) R.Br.; W. polystichoides, Hat. 
Matteucia orientalis (Hk.) Trev.; M. struthiopteris(L. 
Onoclea sensibilis, L 


Dryopteris filix mas (L.) Schott.; D. phegopteris (L.) C, 
D, pulvinulifera (Bedd.) O. Ktze. ; D. serrata (Cay. yc. ( 
D. setigera (Bl.) O. Ktze. 

Didymochlena truncatula (Sw.) J. Sm. 

Polystichum aculeatum (L.) Schott., var. angulare, Pr 
Standishii (Moore) C. Chr. 


Poly podie 


Family. Marginal Type of Pinna-Supply. 
Lygodium circinnatum (Burm.) Sw.; L. scandens (L.) Sw. 
Sohiowaderws Mohria caffrorum (L.) Desy. 
i Aneimia collina, Raddi; A. hirta (L.) Sw. ; A. phyllitidis 
(L )Sw.; A. rotundifolia, Schrad. 
Osmundacee 
Gleicheniacez 
Hymenophyl- 
laceze 
Loxsomacee |Loxsoma Cunninghami, R. Br. 
Balantium culcita (L’Hérit.) KIf. 
Cyatheacer Dicksonia fibrosa, Col. 
Woodsiex Cystopteris fragilis (L.) Bernh.; C. montana (Lam.) Bernh. 
Aspidiez 
Nephrolepis Amerpohlii, hort.; N. Fosteri, hort., Hill; N. 
Piersoni, hort.; N. Scottii, hort. 
Humata repens (i fil. ) Diels, var. alpina, 
Microlepia hirsuta (J. Sm.) Pr, 
cea Lindsaya repens (Bory) Bedd. 
Davalliez Odontosoria retusa (Cav.) J. Sm. 
Davallia assamica (Bedd.) Bak.; D. bullata, Wall.; D. dis- 
secta, J. Sm.; D. immersa, Wall.; D. pallida, Mett.; D. 
pentaphylla, Bl.; D. solida (Forst.) Sw.; D. solida, var. 
fijiensis, 
Asplenium adiantum nigrum, L. ; A. bulbiferum, Forst., var. 
Aublomes Fabianum ; A. bulbiferum, var. Hillii; A. obtusatum, Forst. : 
} A. premorsum, Sw.; A. ruta- -muraria, Li 5 AM tenerum, Forst. 
Ceterach officinarum, DO. 
Gymnogramma Pearcei, Moore, var. robusta. 
Ceropteris calomelanos a ) Und. ; C. calomelanos, var. chryso- 
phylla, KIf. 
Pellwa hastata (Thbg. ) a P. rotundifolia (Forst.) Hk. 
Pteridex Cryptogramma crispa (L.) R. Br. 


Cheilanthes argentea (Gmel. ) ae ; C. myriophylla, Desv., var. 
elegans. 

Nothol-ena affinis (Mett.) Moore; N. bonariensis ( Willd.) C. Chr, 

Pteris biaurita, L.; P. cretica, ie P. umbrosa, R.Br. 


Leptolepia nove-zelandize Kol Kuhn, 

ee, hirta ee ; M. hirta, var. cristata ; 
phylla (Don), J. Sm.; ie speluncze (L.) Moore ; Mt 
(Thbg.) Pr. 

Dennstaedtia adiantoides (H. B. Willd.) Moore, — 

Odontosoria chinensis (L.) J. Sm., var. Veitchii. 


Blechnum attenuatum (Sw.) Mett.; B. brasiliense, | 
capense (L.) Schlecht. ; B. discolor (Forst.) Keys, ; b. 
C. Chr.; B. tabulare ’(Thbg.) Kuhn ; B, Banksii 
Mett. ; B. lanceolatum (R.Br. ) Sturm ; B. Paterso: 
Mett. ; B. occidentale, L.; B. orientale, L. 

Doodia aspera, R. Br., var. multifida. 

Brainea insignis (Hk.) J. Sm. 

Athyrium filix femina (L.) Roth. 

Diplazium celtidifolium, Kze.; D. marginatum (L.) Diels, 

Woodwardia radicans (L.) Sm. 


Trismeria trifoliata (L.) Diels. 
Adiantum polyphyllum, Willd.; A. sancte catherin 
J. Sm. 


Notholena sinuata (Lag.) K1f. 


el eae aureum, L.; P. brasiliense, Poir.; 
rele Schneideri, hort., Veitch ; 
meee rigidula (Sw. ) Bedd. 


P. phymatodes, 
Jet, ‘vulgare, L. 
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long in Leptopteris hymenophylloides and in Osmunda javanica, Bl., quite short in 
O. regalis, L. The pinna-traces of Leptopteris hymenophylloides and Osmunda 
regalis are wide; those of Todea barbara (L.) Moore and O. javanica are narrow. 

The Schizacez, in contrast, invariably supply their pinnee in the marginal 
fashion. In Lygodium circinnatum (Burm.) Sw. and L. scandens (L.) Sw., the leaf- 
trace is unincurved and the supply is quite directly marginal. It is so also in Mohria 
caffrorum (L.) Desv. The hooked leaf-trace already described for Anevmia hirta is 
found also, though less prominently, in Aneimia collina, Raddi (Pl. XX XIII. fig. 4), 
while slight hooks also appear in A. phyllitidis (L.) Sw. and A. rotundifolia, Schrad. 

In all of these the pinna-trace goes off marginally. 

The third family of the Simplices—the Gleicheniacezee—is consistently extra- 
marginal in supplying its pinne. Booprn (01) and Bowsr (12) have described the 


Tpxt1-Fie. 3.—Gleichenia flabellata, R. Br. Diagrammatic representation of the changes occurring in the 
vascular system of the petiole during the liberation of the pinna-traces, 


pinna-traces of Gleichenia dicarpa, R. Br., var. longipinnata, G. flabellata, R. Br., and 
G. linearis (Burm.) Clarke. In Gleichenia flabellata (Pl. XXXIV. fig. 14) the incurved 
margins become nipped off from the rest of the leaf-trace on its inner side, round 
themselves into little rings of tracheides, and run up isolated from the main part of the 
trace for some distance. The back of the remaining hook separates off to go to the 
pinna, and then these isolated circles open out on their abaxial sides and re-form the 
leaf-trace by extending to meet its margins (text-fig. 3). In Gleichenia rupestris, 
R. Br., the margins of the leaf-trace separate off when the pinna-traces are being 
given off, but here they do not form two rings but only a couple of arcs with the 
concave sides towards the centre of the petiole. They may even become attached 
to each other by their margins. In Gleichema circinnata, Sw., var. spelunce, the 
pinna-supply is of the normal extramarginal type; almost no gap occurs in the 
tissues of the leaf-trace when the pinna-trace is given off. 

The method of supply in Gleschema flabellata and G. rwpestris may be regarded 
as a special variety of the type seen in the Osmundacee, as long gaps are thus formed 
in the leaf-trace opposite to each pinna. 

Passing to the Gradatz, we find the extramarginal type prevails. In the 


- 
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Hymenophyllaceee it occurs in Hymenophyllum demissum, H. dilatatum (Forst.) 
Sw., Zrichomanes elegans, Rich., and T. radicans, Sw. 

A divergence into the marginal type occurs in Loxsoma Cunningham, described 
above, while the type of Balantiwm culcita is repeated among the Cyatheacez in 
Dicksona fibrosa, Col. In the other members of the Cyatheaceze examined the 
extramarginal type prevails. These include Crbotiwm Schieder, Schlecht. et Cham., 
Thyrsopteris elegans, Kze., Cyathea mexicana, Schlecht. et Cham., C. pubescens, 
Mett., Henutelia grandifolia (Willd.) Spr., and Alsophila glauca (Bl.) J. Sm. 

Passing into the Ferns on the border-line between Gradatz and Mixtee, we have 
the broken leaf-trace in Peranema cyatheoides, Don, and Diacalpe aspidioides, Bl., 
the unbroken leaf-trace in Woodsia ilvensis (L.) R. Br., W. polystichoides, Kat., 
Matteucia orientalis (Hk.) Trev., M. struthiopteris (L.) Todaro, and Onoclea sensi- 
bilis, 1. (in the last three the leaf-trace is binary at its departure from the stalk, but 
unbroken below the pinnze). In all of these the pinna-trace goes off extramarginally 
from the back of the hook, whether in the unbroken trace or in the adaxial strand of 
the broken type. 

In the genus Cystopteris there is a variation ; in Cystopteris fragilis (L.) Bernh. 
and C. montana (Lam.) Bernh., the supply to the pinne is marginal. The leaf-traces 
have slightly hooked ends to each portion of the binary strands. The whole set of 
tracheides lengthens, a‘ thickening” of the number occurs about the centre of the 
leaf-trace on the adaxial face, a break takes place there in the series, and the 
“daughter” trace separates off. Below the second pair of pinne the binary trace 
becomes an unbroken strand, and the supply is there distinctly marginal. The supply 
to the basal pinnze resembles the type already described for some species of Giymno- 
gramma and Ceropteris (p. 352), though the thickening is less marked in Oystopteris. 

In the Aspidiee, the leaf-traces are of the broken type and the supply to the 
pinne is extramarginal. In Dryopteris phegopteris (.) C. Chr. there is a gap 
opposite to the pinna. In Dryopteris pulvinulifera (Bedd.) O. Ktze., D. filix mas 
(L.) Schott, D. setigera (BI.) O. Ktze., D. serrata (Cav.) C. Chr., Didymochlena 
truncatula, Polystichum aculeatum (l.) Schott, var. angulare, Pr., P. Standishii 
(Moore) C. Chr., the supply is extramarginal. In Aspidiwm Moorez (see above, p. 352), 
the pinna-trace comes partly, marginally, from the tip of the adaxial strand, and 
partly from the median strand of the leaf-trace. 

From the Aspidiez forwards into the main mixed Ferns both extramarginal and 
marginal types of pinna-supply occur. The Davalliese carry forward the extra- 
marginal type through Leptolepia nove-zelandix (Col.) Kuhn, Microlepia hirta (KIf.) 
Pr., M. hirta, var. cristata, M. spelunce (L.) Moore, M. platyphylla (Don) J. Sm., 
M. strigosa (Thbg.) Pr., and Dennstaedtia adiantoides (H. B. Willd.) Moore. Miero- 
lepia hirsuta (J. Sm.) Pr., Nephrolepis Amerpohlii, hort., N. Fosteri, hort., Hill, 
N. Piersom, hort., and N. Scotti, hort., all distinctly show the marginal type. 
Humata repens (L. fil.) Diels, var. alpina, and Lindsaya repens (Bory) Bedd., are 
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also marginal. In the genus Odontosoria both types appear. Odontosoria chinensis, 
var. Veitchii (see above, p. 351), is pronouncedly extramarginal, but O. retusa (Cav.) 
J. Sm. is marginal. The marginal type occurs in Davallia assamica (Bedd.) Bak., 
D. bullata, Wall., D. dissecta, J. Sm., D. immersa, Wall., D. pallida, Mett., D. 
pentaphylla, Bl., D. solida (Forst.) Sw., and D. solida, var. fijiensis. 

This appearance of both types in a number of species within a family is repeated 
again in the Aspleniez ; but in them the extramarginal type is restricted to certain 
genera, the marginal type to others. 

A marked and consistent adherence to the extramarginal type is found in the 
genera Blechnum, Doodia, Woodwardia, and Brainea. In Blechnum attenuatum 
(Sw.) Mett., B. brasiliense, Desv., B. capense (L.) Schlecht., B. discolor (Forst.) Keys., 
B. Moorei, ©. Chr., B. tabulare (Thbg.) Kuhn, Doodia aspera, R. Br., var. multifida, 
and Brainea insignis (Ak.) J. Sm., the type of supply is like that seen in Didy- 
mochlena truncatula, the pinna-trace departing from the back of a very distinctly 
incurved adaxial leaf-trace bundle. 

An even more pronounced form of the extramarginal type is found in Wood- 
wardia radicans (L.) Sm., where the large pinna-trace arches up almost before it is 
free from the parent bundle, and then breaks into several separate strands. 

In Blechnum Banks (Hk. fil.) Mett., B. lanceolatum (R. Br.) Sturm, and 
B. Paterson: (R. Br.) Mett., the adaxial leaf-trace bundles are short and narrow, 
and the number of tracheides in the hooked ends is quite small. The pinna-trace 
is undoubtedly extramarginal, though only a few tracheides of the margin are 
left when it has gone off. Blechnwm occidentale (L.) is also extramarginal, but 
approaches very closely to B. orientale, which is only just extramarginal. 

The other extramarginal members of the Asplenieee are Athyrium filix femina (L.) 
Roth., Diplaziwm celtidifolium, Kze., and D. marginatum (L.) Diels, in which the 
large pinna-traces go off from the back of wide leaf-traces with distinct terminal 
hooks. The amount left of the original margin after the leaf-trace has gone off is 
greater in Athyrium filix fennna and Diplaziwm marginatum than in Diplaziwm 
celtidifolium. 

In the genus Asplenvwm the supply is consistently marginal. In Aspleniwm 
bulbsiferum, Forst., var. Fabianum, and in A. bulbiferum, var. Hillii, A. adiantum 
mgrum (L.), A. premorsum, Sw., A. obtusatum, A. tenerum, Forst., and A. ruta- 
muraria (L.), species which differ from one another in size of leaf, in complexity of 
leaf-segmentation, and in leaf-texture, the supply departs on the marginal plan. 
Ceterach officnarum, DC., also supplies its pinne from the margin of its leaf-trace. 

This division of a family between the one type and the other occurs also in the 
Pterideze, where some genera show the marginal, some the extramarginal type. Two 
genera show some species following the marginal type and others following the extra- 
marginal. Trismeria trifoliata (L.) Diels and Adiantum sancte catherine, hort., J. 


Sm., and A. polyphyllum, Willd., give off their pinna-traces in the normal extramarginal 
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manner. Gymnogramma Pearcer, Ceropteris calomelanos, and C. calomelanos, vay. 
chrysophylla, show the marginal type in one of its varietal forms (cf. above, p. 352). 


The marginal type also occurs in Pellea hastata (Thbg.) Prantl and P. rotundifolia « 


(Forst.) Hk., Cryptogramma crispa (L.) R. Br., and in Cheilanthes argentea (Gmel.) 
Kze. and C. myriophylla, Desv., var. elegans (Pl. XX XV. fig. 21). In these Ferns the 
leaf-trace has a compact mass of tracheides, four-sided and wider on the adaxial than 
on the abaxial side of the petiole. The margin is simply nipped off to supply 
the pinne. 

This form of leaf-trace appears also in Notholena affinis (Mett.) Moore and N. 
bonariensis (Willd.) C. Chr., and the pinna-trace departs in the Pellxa-Cheilanthes 
fashion. But in Notholena sinuata (Lag.) Klf. the leaf-trace is binary, the adaxial 
ends of each strand being distinctly hooked. Here the pinna-trace comes from the 
back of the hook and leaves a fairly long gap in the side of the leaf-trace strand after 
it has left it. 

Two sharply contrasted types of pinna-supply are seen in Pteris and the genera 
associated with it. Pteris cretica, L., P. biaurita, L., and P. umbrosa, R. Br., have 
an ordinary marginal pinna-supply. But Histiopteris incisa (Pl. XXXIV. fig. 15 and 
PL XXXYV. fig. 16) joins Pteris (Litobrochia) macilenta, A. Rich., and Hypolepis 
tenuifolia (Forst.) Bernh. in showing a combination of extramarginal and marginal 
types, the pinna-trace being built up of two parts, one coming extramarginally from 
the corner of the arch of the leaf-trace, the other marginally from its extremity. 

This can only be related to what appears in the Cyatheaceze, in Aspidiwm Moorer 
and in Leptochilus cuspidatus. It bears no resemblance whatever to the process of 
pinna-supply in other species of Ptervs. 

In the Polypodiacezee we have a consistent adherence to the marginal type of 
pinna-supply. Polypodium aureum, L., P. vulgare, L., P. phymatodes, L., P. 
brasihense, Poir., P. Schneider, hort., Veitch, and Drynaria rigidula (Sw.) Bedd. 
(Pl. XXXYV. fig. 20), all have their pinna-traces simply nipped off from the edges of 
the leat-trace bundles, and never give any suggestion of an extramarginal tendency. 

Turning to the Kusporangiate Ferns, we find that the Marattiaceze stand by them- 
selves in their method of giving their pinnz a vascular supply. In Angiopteris 
evecta (Forst.) Hoffm. and in Marattia attenuata, Lab., the pinnee are supplied by 
several separate vascular strands. In the petiole there is a complete ring of vascular 
strands near the periphery, while the central portion is occupied, in Angiopteris,* by 
a single wide vascular strand, in Marattia by five or six strands in two groups, four 
or five strands making a curved set towards the abaxial face of the petiole, and one 
being situated below them towards the adaxial face. In both Ferns the pinne are 
supplied by the strands at the corner of the leaf-trace nearest to the pinna, by one or 
two strands from the abaxial and adaxial edges of the peripheral set, and by one 
strand cut off from the strand or strands in the central position (text-figs. 4 and 5). 


* Jn rather small leaves. 


ih. aie as 
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As the Marattian leaf-trace appears to be the horse-shoe type with much infolded 
margins, the pinne are supplied partly from the portions which correspond to the 
backs of the hooked portion of the horse-shoe type and partly from the infolded 


Texr-Fic. 4.—Angiopteris evecta (Forst.) Hoffm. Diagrammatic representation of the process of supplying 
the basal pinna with its vascular system. 


margins, which are represented in the Marattian trace by the strands in the central 
position. A gap is left in the leaf-trace for some distance above the pinna. This 
is soon filled up by a movement into it of the leaf-trace strands at its edges and by 
new strands nipped off from these. 


Text-Fic. 5.—Warattia attenuata, Lab. Diagrams illustrating the separation of the basal pinna-trace from 
the vascular strands of the petiole. 


A similar process is seen in the petiole of Helmanthostachys zeylanica (L.) Hk. 
There the pinna is supplied by strands which come partly from those forming the 
outer ring, and partly from the internal petiolar strand (cf. Gwynne-VauGHAN, 
05, p. 266). This type of pinna-supply can hardly be called either marginal or 
extramarginal. 

The case of Helminthostachys is not typical for the Ophioglossaceze, however, for 
in Botrychium lunaria (L.) Sw. we do have a definitely marginal type of pinna- 
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supply (Pl. XXXV. fig. 17). The small plate of tracheides in the leaf-trace of this 
species extends towards the pinna and gives off its margin as the pinna-trace. 

CHRYSLER has shown that this marginal type is not invariably found in the species 
of Botrychium. Botrychium virginanum nips off the edges of its leaf-trace prior 
to supplying its pinnee, but these edges move along the inner faces of the leaf-trace 
strands and unite with them. The margins of the re-formed leaf-trace strands then 
pass off to the pinnee. 

These excursions outside of the Leptosporangiate Ferns help us but little in the 
interpretation of the great majority of forms of pinna-trace supply. The Marattian 
and Ophioglossean types of pinna-supply are apparently dependent on the special 
features of leaf-trace in these groups, and must be brought into line with the Filical 
types rather than employed as a means for their elucidation. 

Two other regions of investigation may be entered before we attempt to make any 
general statements about the pinna-traces we have examined. There is first the 
supply to the terminal pinne. In general this has been found to be marginal. No 
matter what the outline of the leaf-trace in the lower part of the petiole, it generally 
becomes reduced to a simple narrow plate of tracheides with adaxial and abaxial 
strips of phloem lining it in the distal portion of the rachis. Often the supply is 
marginal to the pinnee situated third or fourth in position below the tip of the leaf. 
In such pronouncedly extramarginal forms as Histiopteris incisa, Pteris macilenta, 
and EHypolepis tenuifolia the supply is marginal to the terminal pinne and to one 
or two below them. In HA. incisa the supply is marginal to the pinna eighth in 
order from the tip of the leaf. 

In the Cyatheaceze we might expect a retention of a complicated outline for the 
leaf-trace up to near the tip of the leaf. In Cibotowm Schieder the strand is below 
the ultimate pinna an ellipse of tracheides, very “thin” on the adaxial side. The 
pinna is supplied by the departure of the lateral portion of this ellipse. Though the 
leaf-trace is a closed ellipse, the margins are, of course, on the adaxial side, and this 
supply is really of the extramarginal type. Exactly the same kind of trace appears 
below the ultimate pinna in the leaf of Adiantum polyphyllum, where the pinna is 
supplied after the same fashion. 

In the early stages of the lfe of a Fern the method of pinna-supply is the 
marginal one. In the first pinne in a very early leaf of a plant of Athyrium fila 
Jenna the supply came from the edges of a simple plate of tracheides, in exactly 
the manner seen in most terminal pinnee of mature leaves. In a later leaf the trace 
was binary and showed a tendency to form hooks at the edges of the two parts. 
Here the supply to the basal pinnze was again marginal, though not from the extreme 
tip of the trace. 

In a young plant of one of the Cyatheaceze the supply was marginal in the first 
leaf, extramarginal in one considerably older (about the eighth). 

In a relatively late leaf of a plant of Peranema cyatheordes (about the seventh 
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leaf) the supply to the basal pinnee was marginal, of the type seen in the supply to 
the basal pinnee in Cystopteris montana. 

In a young plant of Aspleniwm bulbiferum, the supply to the basal pinnee in the 
first leaf was marginal. The xylem formed a narrow plate, its long axis at right 
angles to the radius of the stem of the plant. From the margins of this line of 
tracheides the pinna-trace was simply nipped off. 

In a young plant of Asplenium lunulatum, Sw., sub-sp. erectwm, Bory, the supply 
to the basal pinnz in a very early leaf was marginal. In the ninth or tenth leaf the 
supply was also marginal to the basal pinne. In the earlier leaf the group of 
tracheides was arranged in a compact mass, wide and slightly hollowed on the 
abaxial side and with two diverging extensions towards the adaxial corners. In the 
later leaf the abaxial portion had two little projections, each composed of only a 
few tracheides, while the adaxial extensions were much longer than in the earlier leaf. 
The axis is dictyostelic and the leaf-trace departs from the strands subtending the 
leaf-gap at a point where the two strands almost meet. The leaf-trace is single, 
though made up of two portions of xylem, coming each from one limb of the 
dictyostele. There is a common endodermis round the two portions of xylem and 
their surrounding phloem. 

After the pinna-trace has left the petiolar bundle it develops differently in 
different Ferns. 

Traces like that of Loxsoma are fully formed by the time they pass into the pinna. 

Gleichema, Osmunda, Todea, Hymenophyllum, Trichomanes, Balantiwm culcita, 
Dicksoma fibrosa, Histiopteris incisa, Hypolepis tenurfolia, the Cyatheaceze all have 
this type of pinna-trace. 

Ferns with a “ broken” leaf-trace (e.g. Diacalpe aspidioides) give off the pinna- 
trace as a “signet-ring,” then break it into two in the pinna, and nip off the other 
strands from the aporachial ends of these two. 

In Davallia pallida the pinna-trace passes into the stalk of the pinna as a dorsi- 
ventrally constricted mass of xylem enclosed in phloem (Pl. XXXIII. fig. 2). The 
xylem is wider in the centre of the pinna-trace than at the edges, where the margins 
are slightly curved towards the prosrachial side of the stalk. A short distance out 
into the pinna-stalk there appear suddenly in the phloem on the aporachial side, first 
a single tracheide and then a small group, two or three in number (text-fig. 6, b). 
These are quite separate from the main set of tracheides of the pinna-trace, but as 
they increase in number the tracheides of the main trace extend towards them, and 
presently the two sets join (text-fig. 6, c). We have then a pinna-trace of triangular 
outline, the large amount of tracheides—and these greater in size of lumen than the 
others—in the central position, the margins being composed of a narrow set of small 
tracheides. Further out into the pinna the aporachial side of the group of tracheides 
becomes widened out on the peripheral face, so that there are two triangular groups 
attached to each other by the apices of the triangles (text-fig. 6, d). A little further 
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out still the aporachial set becomes broken up into two curved portions, and these 
separate from each other at their tips, so that the pinna-trace now has the outline 
of the leaf-trace (text-fig. 6,¢). The supply to the pinnules goes off from this in just 
the way in which the pinna-supply leaves the leaf-trace (text-fig. 6, f). But in the 
pinnule there is no development of any accessory group of tracheides, and the pinnule- 
trace retains its narrow plate of tracheides throughout its length, giving off the 
supplies to the secondary pinnules from its margins. 

In Asplenum lucidum, Forst., the supply to the pinna leaves the petiolar trace 
as a narrow strip of tracheides enclosed in phloem. Just as in Davallia pallida, a 
eroup of tracheides soon appears on the aporachial side of the pinna-stalk, becomes 
larger, and soon joins the main group of tracheides of the pinna-trace. The triangular 
set of tracheides thus formed soon splits at the apex of the triangle, and two portions, 
each like one part of the binary leaf-trace, remain attached to each other by their 


Trext-Fic. 6.—Davallia pallida, Mett. Series of diagrams to show the development of the pinna-trace. 


middles. From this pinna-trace the supply to the pinnules is nipped off marginally. 
Just as in Davallia pallida, there is no appearance of tracheides in the pinnule-trace 
in the position of their occurrence in the pinna-trace. 

In Drynaria rigidula the pinna-trace leaves the leaf-trace (Pl. XXXV. fig. 20) 
as a narrow plate of tissue, with about twelve tracheides. The tracheides in the centre 
of the plate are much larger than those at its edges, and as the strand passes out 
into the pinna these central tracheides rearrange themselves, crowding into a little 
four-sided group, the small tracheides remaining as narrow strips at the edges of the 
group. In this condition the vascular strand passes up to the tip of the pinna. 

In Asplenvum premorsum the margin of the leaf-trace which goes off to the pinna 
remains as a narrow plate right through the pinna, only extending laterally and 
nipping off its edges when pinnules have to be supplied. 

This survey of the pinna-trace and its development and elaboration in the Ferns 
confirms the impression given by an examination of the table on p. 354. There is a 
gradual rise of the extramarginal type out of the marginal, and then a lessening of 
this type until in the most advanced Ferns it disappears altogether and the marginal 
type remains. ‘The comparison of the pinna-traces of the early leaves of various Ferns 
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shows that at first the marginal type prevails. And an examination of the ultimate 
branches of the Fern leaf reveals the marginal type in the great majority of species. 

We have then to explain how this variation of type has come to be, and whether 
it can be related to any prominent features in the development of the vascular system 
in the Ferns. To what is the variation due? Can we trace it to the differences in 
the construction of the stele? Is it dependent on the length of the leaf, on the 
number of pinne, or on the state of division and subdivision of the pinne themselves ? 
Or is the outline of the leaf-trace responsible for the differing points of departure of 
vascular supply for the appendages of the leaf? 

Srnwott has based his classification of leaf-traces upon the number of protoxylem 
groups present in them. On this basis he has separated Osmundacez from Marat- 
tiaceze, and these from all remaining forms. The Osmundacez are protagonists of 
the extramarginal type of pinna-supply ; the Marattiacee are divergent but consistent 
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adherents of the same type; the real differences occur in “all remaining forms.” 
The explanation of pinna-trace type cannot be in the number of protoxylem groups 
in the leaf-trace. 

We are brought no nearer to an explanation by the work of Parmentier (’99),* 
whose classification of the Ferns of France on the structure particularly of their 
petioles is not too reliable. For his type-sections of these petioles have apparently 
been made at varying levels, and his arrangement depends much upon the comparison 
of sections taken at different distances from the base of the petiole. No attempt is 
made to compare one leaf-trace with another as they run from end to end of the leaf. 

Two notable contributions to the knowledge of the evolution of the Filicinean leaf- 
trace are those of THom«# (’86) and BerTRAND and CorNaILLe (02). In both of these 
papers a comprehensive survey of Fern-petioles is made and distinctive types are 
contrasted with one another. 

From the leaf-traces of Phegopteris, Onoclea, Aspidium, THoma makes an 
“ Aspidium-type, which he joins with the “ Aspleniwm-type” and the intermediate 
“ Struthopteris germanica-type” as a“ Polypodiaceous type.” 

Against this he sets the “ Cyatheaceous type.” The transition from the one to 
the other is through Hypolepis tenwifolia,t Pteris tremula, and Hypolepis repens. 

He makes the Marattiaceze and Crbotiwm exceptional modifications of these types. 
He concludes that the different families of Ferns can be distinguished by the charac- 
ters of the leaf-trace, but that a systematic arrangement of Ferns on anatomical grounds 
is quite outside of any serious consideration, and that only broad distinctions can be 
confirmed by the anatomy of the petiole. 

The most interesting feature of his classes is the selection of the bridge from the 
Cyatheaceous type to the Polypodiaceous type. For we have seen that the pinna- 


* Of. PELOURDE (06). 
+ In quoting the work of Taoma# and BERTRAND and CoRNAILLE I retain their nomenclature of the Ferns they 
describe. 
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trace of Hypolepis tenwifolia relates that of the Cyatheaceze to that of certain species 
of Pteris. His contrast of an Aspidiwm-Aspleniwm type with that of the Cyatheaceze 
finds an echo among the pinna-traces. So, too, does his opposition of the Aspidiwm 
leaf-trace to that of Aspleniwm. 

A wider and more ambitious treatment of the leaf-trace is given by BERTRAND 
and CornarLLE. No account of Fern-leaf anatomy can give other than a careful and 
erateful consideration of this exhaustive work. It abounds in curious details of 
minutest observation, many of them tucked away, unfortunately, in little corners 
where they easily lurk unnoticed. The Osmundean trace (that of O. regalis) is 
regarded as the prototype from which those of other Ferns are derived. The traces 
of Todea barbara, T. Fraser, T. superba, T. hymenophylloides, Anevma collina, 
A. phyllitidis, Mohria caffrorum, Gleichenia dichotoma, and G. rupestris are taken 
as variations of this Osmundean trace. The Cyathean trace of Dicksonia antarctica 
and D. squarrosa is the Osmundean trace with refolded adaxial ares. Its variations 
occur in Matona pectinata, Dicksoma regalis, Cyathea medullaris, Alsophila 
australis, and Hemitelia Snuthw. Then comes the Onoclean trace of Struthiopteris 
germanica. A variant on it in Onoclea sensibilis prepares for Polypodium phego- 
pteris and Lomaria spicant, while it appears, greatly reduced, in Nephrodiwm molle 
and Doodia aspera. 

Within the wide range of variations of this type come the traces of Davalhia 
repens, Scolopendrium officinale (the “ polypodian hippocampus”), Davallia feeni- 
culacea, Asplenium ruta-muraria, A. trichomanes (reduced in Marsilia and Pilularia), 
A. Nidus-avis, Onychium japonicum, Davallia tenvifolia, and Pellea geranifolia. 
Amplified variations of the same type appear in G'ymnogramma tatarea, Blechnum 
brasiliense, Iithobrochia vespertiions, Microlepia platyphylla, Polypodium Hera- 
cleum, Ceratopteris thalictroides, Gomopteris proliferum, Dennstaedtia davalliordes, 
and Pteris aquilina, while a very much reduced form appears in Lygodiwm japonicum, 
L. scandens, Trichomanes radicans, and Hymenophyllum tunbridgense. A Poly- 
botryan trace, isolated in character, occurs in Lomariopsis fraxinifolia. 

In contrast to these types is a Marattian trace of Marattia fraxinea, M. Lancheana, 
Angiopteris evecta, and Kaulfussia exsculifolia. The Ophioglossean trace of Hel- 
nmainthostachys zeylanca, Botrychium rutaceum, B. virgincum, and Ophioglossum 
vulgatum is derived from the Marattian trace. 

Obvious situations for tourney-fields he in the announcement of the Osmundean 
trace as the primitive type and in the assortment of heterogeneous leaf-traces under 
the Onoclean banner. 

No early leaf I have examined shows a leaf-trace like that of Osmunda regalis ; 
many show outlines not unlike that of Anewua collina and Lygodium scandens. 
Anda classification of Doodia aspera and Blechnum brasiliense alongside of Asplenium 
ruta-murara and Scolopendrium officinale, with Onoclea sensibilis, Polypodium 
phegopteris, and Microlepia platyphylla not far off, gives no clue to the widely 
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divergent pinna-traces of these species. These Ferns may all rightly be of the 
Onoclean type, but that avails nought to explain why they supply their pinne in 
such very different ways. 

But the leaf-trace headlines Osmundean, Cyathean, Onoclean, and Marattian stand 
clear and are suggestive. From the Osmundean and Onoclean groups there may be 
drawn types of leaf-trace which agree in supplying their branches on a definite plan 
which is seen in the earliest known Ferns, and which is found in those Fern-leaves 
which occur first in the development and in those parts of Fern-leaves which are 
regarded as primitive. And from the Onoclean group, too, can be taken other types 
which are now known to be high in the scale and which supply their pinne in a 
manner, so to speak, improved upon that dominant in the Osmundean and Onoclean 
groups. The marginal type of pinna-supply cuts up the Osmundean and Onoclean 
groups when it is applied as a differential factor. And the marginal type is at once 
the most primitive and the most advanced. 

This presence of the marginal type at the bottom and at the top of the evolutionary 
ladder brings out prominently the need for discovering the factors that produced the 
intermediate extramarginal type. This is altogether dependent on the presence of 
the incurved hooks at the ends of the leaf-trace. It only appears where they are 
present, though sometimes hooks are present in leaf-traces that supply their pinne 
marginally. The evolution of the hooked leaf-trace must be the first factor in this 
development of the extramarginal type of pinna-trace. 

This evolution is suggested by Kipston and GwyNnne-VauGHAN (’08) in their 
description of the leaf-trace of Thamnopteris Schlechtendaliz, Hichw. (text-fig. 7). 
There the leaf-trace arises as a swelling of the xylem of the stem. It passes off 
without leaving any gap or depression in the stem-xylem, then protoxylem appears 
almost centrally in it, an island of parenchyma occurs on the adaxial side of the 
protoxylem, this island increases in size, the protoxylem groups widen along the 
bay and the curved trace is produced, followed by a curving of the petiolar outline. 
These changes in the individual leaf-trace are held to indicate the changes under- 
gone in the ontogeny and phylogeny of the adaxially curved leaf-trace so repre- 
sentative of the Filicales. The adaxial hooks thus remain as part of the adaxial 
side of an originally solid leaf-trace. 

Such a solid leaf-trace does occur in several of the Zygopteridee. 

In Dineuwron ellipticum, Kidston, and D. pteroides, Renault, the leaf-trace has 
an elliptical strand of xylem grooved at the ends. The pinna-traces depart from 
these ends as curved bars leaving no gaps in the tissues of the leaf-trace (text-fig. 8, a). 
In Metaclepsydropsis duplex, Williamson, the solid mass of tracheides in the leaf- 
trace has the outline of an hour-glass. The pinna-traces go off from the dilated ends 
of this leaf-trace (text-fig. 8, c). Diplolabis Rémevi (Solms) supplies its pinne from 
the same relative position of the leaf-trace as do the two preceding species, but the 


arms of the leaf-trace are highly developed here in the normal petiole, though at its 
TRANS. ROY. SOC. EDIN., VOL. L. PART LI. (NO. 11). 50 
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base stages like the leaf-traces of Dinewron and Metaclepsydropsis have been found. 
Etapteris diwpsiion, Williamson, has the ends of the arms very much developed, 
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Text-Fie. 7,—Diagrams illustrating the departure of the leaf-trace in Thamnopteris Schlechtendalii, 
Kichw., sp. (After GwyNnz-VAUGHAN and Kinston.) 


though the pinna-trace comes from the middle of the arm (cf, text-fig. 8, b), just 
from the position from which the pinna-trace goes off in Dineuron. Unfortunately 
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for the sake of minute comparisons with the living Ferns, these Zygopterideze seem 
to have possessed four orthostichies of primary pinne. The pinna-traces which we 
have mentioned presently divide into two parts each, so that these Ferns must not be 
examined too critically for prototypes of leaf-trace. But there is at least a constancy 
in the position of origin of the pinna-trace-bars, as GorpoN terms them. They come 
from the margins of the solid leaf-traces just from the points nearest to the appendages 
which it is their work to supply. 

Kipston and GWwyNNE-VAUGHAN have classified the Zygopterideze according to 
the presence of a single row of appendages (“pinnee”) on each side of the main 
rachis or of two such rows. 

Those genera already mentioned fall into their second class. The first class, with 
a single row of appendages on each side of the main rachis, includes Ankyropteris 
bibractensis, Renault, and Clepsydropsis antiqua, Unger. From the edge of the 
leaf-trace in Clepsydropsis antiqua the pinna-trace goes off as a closed ring. This 
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Trxt-Fre, &,—Diagrams illustrating the pinna-trace departure in a, Dinewron pteroides, Renault; b, Htapleris Scotti, 
P. Bertrand ; ce, Metaclepsydropsis duplex, Williamson. (After P. Burrranp, and GwyNNE- VAUGHAN and Kripsrovn.) 


type of pinna-trace occurs also in Ankyropteris. Ankyropteris corrugata, Williamson, 
has biseriate primary pinnee and one plane of symmetry. The leaf-trace has the 
outline of a double anchor—a modification of the Etapteris-Diplolabis type. The 
pinna-traces in this Fern leave the edges of the arms of the leaf-trace in very much 
the same way as those of Diplolabis leave its leaf-trace, but here there is only the one 
set of pinnee to be supplied from each arm of the leaf-trace, and thus only one half of 
the leaf-trace arm is concerned in the process. It is just a Diplolabis type with half 
of the pinna-trace-bar suppressed. This Ankyropteris-type is another illustration of 
the effect of the position of the pinne relatively to the leaf-trace in affecting the 
point of departure of the pinna-trace. But the details of the departure of the pinna- 
trace in Ankyropteris recall the process in such an extramarginal type as Didy- 
mochlena truncatula. The full growth of the pinna-trace has not been followed, but 
the sections of Ankyropteris bibractensis, var. westphalensis, P. Bertrand, which 
have been studied by Paut Burrranpn (text-fig. 9) (Etudes sur la fronde des Zygo- 
ptéridées, Lille, 1909), show the widening out of the tracheides at the part of the leaf- 
trace which is to supply the pinna, the appearance of a reparatory set -(“anneau 
réparatrice interne”) to ensure the continuity of the tissues of the arms of the leaf- 
trace past the point of pinna-trace departure, and the departure of the pinna-trace 


368 MR R. C. DAVIE ON 


as a closed ring. In Clepsydropsis the actual margin of the leaf-trace goes off to 
supply a pinna; in Ankyroptervs the pinna-trace leaves the leaf-trace in the extra- 
marginal way. 

Where there are two orthostichies of primary pinnee to be supplied from each arm of 
the leaf-trace, as there are in Dinewron, Metaclepsydropsis, Diplolabis, and Etapterss, 
the pinna-trace-bar leaves the leaf-trace on the side directed towards these pine 
as a single curved mass of xylem, and then breaks into two parts, each of which moves 
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Text-Fie. 9.—Departure of pinna-trace in Ankyropterts bibractensis, var. westphalensis, P. Bertrand. 
(After P. BurrRAND. ) 


out toa pinna. Where the pinne are uniseriate, as in Ankyropteris, the pinna-traces 
depart from the edges of the leaf-trace at the ends nearest to the pinne and move 
directly out to them. In Tubicaulis solenites, Cotta (text-fig. 10, a) (the C faces 
with its curve away from the axis—reverse of the living Fern), and in Anachoropteris 
Decaisnei, B. Renault (text-fig. 10, 6), the pinna-traces leave the leaf-traces back 
from the edges, and the marginal set of tracheides is undisturbed throughout the 
rachis. But the pinna-trace in these two is a solid patch of xylem and not a closed 
ring. BERTRAND makes a suggestive explanation of the Anachoropteris type, deriv- 


Text-Fic. 10,—Diagrams illustrating the departure of the pinna-trace in a, Tubicaulis solenites, Cotta ; 
b, Anachoropteris Decaisne’, Renault. (After P. BERTRAND.) 


ing it from the type of Dineuron pteroides by development of the anterior hooks. 
He indicates how the position from which the pinna-trace departs in Anachoropteris 
corresponds with that from which the Dinewron pinna-trace goes off from the leaf- 
trace. This is an emphasis of the retention by the pinna-trace of the position of 
departure relatively to the leaf-trace. The pinna-traces of Dineuron and Anacho- 
ropteris correspond to the marginal and extramarginal types in the living Ferns, 
though we must remember that the Dinewron pinna-trace breaks into two parts after 
going off from the leaf-trace, and that it has to supply two orthostichies of pinne. 
This caution also applies to the pinna-trace of Vubicaulis, though the trace of 
Anachoropteris supplies but one pinna. Any discussion of the type of leaf in the 
Zygopteridee and Botryopterideze as illustrated by these leaf-traces is out of place 
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here. The useful information which these Ferns give us is that their pinna-traces 
departed from their leaf-traces at the points nearest to the pinne. 

If we carry this into the living Ferns, any fundamental distinction between marginal 
and extramareginal types of pinna-trace breaks down—the pinna-traces go off just 
from the points which best serve the pinne. The distinction between the marginal 
and extramarginal types of pinna-trace must then be one due to the differences in 
leaf-traces, not in the pinne themselves. This is so far true. But a marked 
divergence from the type general within a family, such as that of Balantiwm culcita 
(pp.350, 356) from the type of the Cyatheaceze, must make us pause in the generalisation. 
We have in B. culcita a marginal type of pinna-supply, yet the general type in the 
Cyatheacez is a very elaborate extramarginal one. The changes in the leaf-trace 
of Gleichema flabellata throw some light on the interpretation of this divergence. 
There the incurved margins of the leaf-trace round themselves off as circular 
groups of tracheides which run up along the face of the gaps caused by the departure 
of the pinna-traces (Pl. XXXIV. fig. 14), and then beyond the pinna-trace gaps unite 
to the remaining tracheides of the median part of the leaf-trace (text-fie. 3). The 
incurved edges of the leaf-trace in Glerchenia carry on the water-supply up the 
adaxial face of the leaf. The pinnee are relatively large, and the pinna-traces make a 
considerable drain on the tracheides of the leaf-trace. Apparently such a drain would 
cause a serious deflection of water from the adaxial face of the petiole, and would 
probably cause a water-starvation of the successive sets of pinnee above the basal 
pair. The incurved hooks of the Gleichema leaf-trace have thus the task of carrying 
forward the water-supply from one pinna-gap to the next, and of providing sufficient 
water to counteract the drain of several sets of pinne. 

We would thus expect to find a considerable development of incurved hooks in 
leaves possessing many pinnee, and perhaps most distinctly in those leaves with many 
pinne arranged in close succession (cf. Tansiuy, Hv. of Fil. Vasc. System, p. 117, ef. 
p. 126). In the Cyatheaceze the leaf generally possesses a long “tail” of lamina 
beyond the last pair of actual pinne. And in the Cyatheacez the leaf-trace beyond 
the last pair of pinnee is an ellipse of tracheides, thin on the adaxial face (cf. p. 360). 
Just the same arrangement in the leaf-trace is found in Adiantum polyphyllum, 
where the leaf ends in a long “ tail” similar to that of Cyatheaceous leaf. Balantiwm 
culcita has a much shorter leaf than the majority of the Cyatheacee ; the pinne are 
relatively not heavy and are arranged at relatively considerable distances from one 
another. Almost the same remarks apply to the leaf of Dicksonia fibrosa, which has 
a marginal pinna-supply just like that of Balantiwm culcita. These are simple 
Cyatheaceze (perhaps owing their simplicity to reduction) which have modified their 
type of vascular supply to the pinne in relation to their relatively short leaves. In 
the leaf of the majority of the Cyatheacez the complicated leaf-trace with its very 
much incurved margins is related to the large size of the leaf, the weight of the 
pinnee, and their large number. The incurved edges of the leaf-trace persist beyond 
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even the last pair of pinnee, in order to provide sufficient water-supply for the “ tail” 
of the leaf.* The two exceptions, Balantiwm culcita and Dicksonia fibrosa, have 
relatively short leaves with pinnee situated at greater distances from one another 
than are those of Cyathea, Alsophila, and Henutelia. And these two have only 
slight hooks on the adaxial faces of their leaf-traces, a much simpler type of leaf-trace 
and marginal supply to the pinnee. 

An interesting confirmation of this view of the function of the incurved margins 
of the leaf-trace comes from Botrychium virginianum (CHRYSLER, 10). There the 
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Texr-Fic. 11.—Botrychium daucifolium, Wall. Diagrams illustrating the departure of the vascular supply 
to the first pair of sterile pinne. 


margins of the leaf-trace strands nip off, pass along the adaxial face for a short 
distance, and then take up the position of margins for the leaf-trace when the pinna- 
trace goes off. This ensures a continuity of water-supply past the bases of the 
pinne. Botrychium daucifolium, Wall., affords us an example of a similar process 
(text-fig. 11). In the preparation for the departure of the vascular supply to the 
first sterile segments of the leaf there appears on the inner side of one of the two 
leaf-trace strands at first a single tracheide, then a small group of tracheides (text- 
fig. 11, b), which approaches the leaf-trace strand and finally unites with it (text- 
fig. 11, ¢). Part of the group then goes off with the portion of the leaf-trace strand 


* See also Diplazium marginatum, where the supply is marginal to the nerve fourth in position from the tip 
of the leaf. 
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going to the pinna, the rest remains as the new margin of the leaf-trace strand 
(text-fig. 11, d, ¢). This process appears in the supply of the second pinna (text- 
fig. 11, e, f, g), but in relation to the other of the two leaf-trace strands.* 

Still other examples illustrating the same process may be cited in Matoma 
pectinata (SEwarp, 99) and Archangiopteris Henryi, Christ et. Gies. (GWYNNE- 
Vaueuan, 705). In Matonia the incurved adaxial edges of the leaf-trace unite, 
their margins extend laterally and pass with the lateral portions of the leaf-trace 
into the pinne (text-fig. 12). The pinne are thus supplied with an internal system 
which probably meets the demand for a considerable water-supply without unduly 


DSL 
Trxt-Fic. 12.—Diagram illustrating the division of the single petiolar stele into the 
vascular strands of the pinne. (After SEWARD, ) 


depleting the supply for the rest of the leaf. For the actual backs of the incurved 
hooks remain intact and pass up the rachis to carry water past the point of pinna- 
trace departure. This looks like a special case of the Glevchensa-type in which not 
only must water be carried up past the pinne for the needs of the higher parts of 
the leaf, but where the pinne must also be provided in quick succession with a good 
water-supply. 

The pinna of Archangiopteris Henry: is supplied by strands which occupy much 

* CHRYSLER argues from similar processes in B. ternatum that we have in this reinforcement a relic of an earlier 
system of passage of the margin along the face of the leaf-trace strand, such as we have already mentioned in B. 
virginianum. Hesees no possible use for the reinforcing strand, as it is not connected at its base with the leaf-trace, 
and declares that it cannot convey water. But the structure of the tracheides in the Ferns is such that water might 
quite well be conveyed laterally from tracheide to tracheide even where the sets of tracheides are not continuous at 


their bases. Water can readily be deflected from the main strand into this reinforcing strand as soon as the two are 
in lateral contact, and thus the effect of the drain on the water-supply by the pinna-departure may be compensated for. 
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the same position in the rachis as do the parts of the leaf-trace which supply the 
pinna of Matoma pectinata. In Archangiopteris, however, the details are a little 
different, since the leaf-trace has a different outline from that of Matoma. One 
strand which goes into the pinna comes from the side of the curve of the leaf-trace 
set; the other comes from the abaxial face of the adaxial strand (text-fig. 13). The 
terminal part of the adaxial strand remains to carry the water past this pinna-gap. 
This terminal strand is itself remmforced below the departure-point of the pinne by 
internal accessory strands which come from the internal face of the abaxial curve. 

Wherever we find hooked adaxial portions in a leaf-trace, we do not find any 
evidence of a process of reinforcement, prior to the departure of the pinna-traces, of 
the parts of the leaf-trace supplying the pinne. But the incurved hooks do vary 
considerably in length and in their number of tracheides, according to whether 
the leaf is a long one or a short one, one with heavy pinne or one with light pinne, 
one with closely set pinnz or one with pinnee at considerable distances from one 
another. 


Texr-lic, 13.—Archangiopteris Henryi, Christ et Gies. Diagram illustrating the 
method of departure of the pinna-trace. (After GwyNNE- VAUGHAN.) 


An excellent example of the type of hook found in a long leaf with heavy pinnee 
is that of Didymochlena truncatula (Pl. XXXII. fig. 7). Species of Dryopteris with 
shorter leaves and lighter pinne, like D. fiia mas, have much smaller adaxial hooks. 
In Microleyia hirta and M. platyphylla, where the pinne are spread over approxi- 
mately the same length of leaf, the adaxial hooks are of almost the same size; in 
M. spelunce, whose leaves are usually larger, the adaxial hook is larger than in either 
of these. Leaves with relatively heavy pinne, like Diplazwwm celtidifolum or D. 
marginatum, have strongly developed adaxial hooks; those with fairly ight pinne, 
like the Blechnums, have weak adaxial hooks. In all of these the adaxial hook 
appears to carry the water on from pinna-trace to pinna-trace along the leaf quite 
satisfactorily. Whenever the adaxial hook disappears and we get a marginal supply 
to the pinne, the system which carried forward the water disappears. On the whole, 
the appearance of the marginal type of pinna-supply seems to coincide with a reduc- 
tion in the size or complexity of the leaf. This is by no means invariable, but a 
contrast of such outstanding genera as Athyrium and Diplaziwm (extramarginal) 
with Aspleniwm and Ceterach (marginal), or of Hypolepis and Adiantum (extra- 
marginal) with Pellea, Cheilanthes, and Cryptogramma (marginal), shows that there 
is some truth in the statement. A glance over the table on p. 354 confirms this 
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opinion that the extramarginal type of supply is found on the whole among large- 
leaved Ferns, the marginal type among the smaller-leaved genera. A few examples, 
hike Polypodium aurewm (marginal) and Notholena sinwata (extramarginal), can be 
taken, which, if they stood alone, would prove the contrary proposition. The general 
survey tends to reveal the extramarginal type among large-leaved, heavily pinnate 
forms, the marginal type among the smaller-leaved, more lightly pinnate forms. 
Davalha solida gives us an interesting example of a process which may help the 
elucidation of the adoption of the marginal type of pinna-trace. The leaf-trace has 


Text-Fic. 14.—Davallia solida (Forst.) Sw. Series of diagrams illustrating the changes in the leaf-trace during the period 
of supplying the lowest pair of pinne. 


two fairly large adaxial strands, with unincurved margins, and a small median strand 
(text-fig. 14,@). The adaxial strand gives off a portion marginally on the side directed 
towards the lowest pinna (text-fig. 14,b and). This passes out into the base of the 
pinna ; then another marginal portion is given off from the adaxial strand and follows 
the first strand into the pinna (text-fig. 14, k). The pinna-trace is binary and gives 
off two strands to the first pinnule. During the supply of the pinna by the leaf- 
trace the median strand nips off a small strand while one of the adaxial strands is 
preparing to give off its margin (text-fig. 14, b). This little strand passes to the 
adaxial strand and fuses with it between the giving-off of the first pinna-trace-strand 
and the second (text-fig. 14, ). The median strand itself moves towards the other 
adaxial strand and fuses with it just before it nips off the first strand for the pinna 


on that side (text-fig. 14,e and f). Some of its tracheides remain as the abaxial 
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portion of this adaxial strand; the rest simply separate away again and resume their 
position as the median strand (text-fig. 14, g and). Thus both adaxial strands are 
reinforced by tracheides from the median strand during the period of pinna-trace 
departure. This process may well be compared with that which we have already 
considered in the supply of the pinnules by the pinna-traces of Davallia pallida and 
Asplenium lucidum, where the pinna-trace was reinforced by a set of tracheides 
appearing on the aporachial side before the pmnules were supplied. It is noticeable 
that, while the leaf-traces which supply their pinnz on the marginal system are 
simpler in outline than those supplying their pinne extramarginally, there is a 
development usually of hooks on the abaxial ends of the leaf-trace strands (e.g. 
Davalhia, Pl. XXXII. fig. 2; Gymnogramma Pearcei, var. robusta, Pl. XXXIV. 
fig. 12). These probably serve the same purpose as the reinforcing strands of the 
leaf-trace of Davallia solida, or of the pinna-traces of Davallia pallida and Asplenium 
lucidum-—they carry on the water-supply past the pinne, and prevent a too great 
reduction of the water-supply as we approach towards the tip of the leaf. 

These explanations of the outlines of various leaf-traces are by no means provable 
in every leaf-trace which may be considered. But when they are taken in conjunction 
with one another and in relation to certain distinctive types of Fern-leaf they afford 
us the opportunity for a broad generalisation which finds confirmation in the arrange- 
ment of the species of Ferns in the table on p. 354. 

But we have still to consider the possible advantage to be derived from the 
change from the extramarginal to the marginal type of pinna-supply. It seems to 
have occurred in a passage from a larger-leaved to a smaller-leaved form of the Fern 
(cf. above, p. 373). On that basis its occurrence is fairly easily to be explained. For 
in the small-leaved form the adaxial portion of the leaf-trace would be small and 
thin. To supply pinne from the back of a “thin” hook would be to give them a 
very exiguous pinna-trace. <A long strip of tracheides can be more easily given off 
from an unincurved leaf-trace than from an incurved one. The width of the back 
of the hook is the dictator of the width of the pinna-trace in the extramarginal 
supply ; the width of the marginal strip is the width of the whole margin of the 
unincurved leaf-trace. The back of a hooked leaf-trace is always “thin” as regards 
tracheides, and the pinna-traces which come off from it can give only a narrow strip 
of tracheides. Once the difficulty of carrying forward the water from pinna-departure 
to pinna-departure along the leaf was solved (by the development of hooks on the 
abaxial ends of the adaxial strands) the marginal type of supply must have been 
found an advantage rather than a drawback, because of its possibilities in supplying 
a long strip of tracheides to a departing pinna, This may explain its retention in 
the genus Polypodium, where the abaxial complications of the leaf-trace are often 
very elaborate and involved, and in some species of Pteris (P. cretica, P. umbrosa, 
etc.) where the abaxial arch and the lateral swellings of the leaf-trace are fairly 
prominent. The margins of the leaf-traces could be extended almost indefinitely to 
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supply the pinne, while the abaxial portion of the leaf-trace would carry forward the 
water-supply up the leaf. There is the possibility in the marginal type of “ manu- 
facturing” so much more tracheidal tissue than is really necessary for the pinna- 
supply that no contraction would take place between the pinne. But the actual 
number of tracheides does not seem to be altogether what keeps the water-supply in 
the proper direction. There is a deflection of the water-current towards the pinne. 
It is really largely this deflection which has to be counterbalanced by the provision 
of an accessory set of tracheides which will carry the water forward. Where the 
pimne are large the deflection will be great, and the counterbalancing hooks will be 
large ; where the pinne are small the deflection is often negligible, and the hooks are 
small. This appears to lead to the conclusion that the Fern-leaf in phylogeny reduced 
its pinne, the hooks of the leaf-trace disappearing in relation to this. When a 
large leaf appeared later, an accessory tracheidal system developed in order to 
counterbalance the deflections which would have drained the upper part of the leaf 
of its legitimate water-supply. 

All the features of the various leaf-traces cannot be fully explained on these 
theoretical grounds, but such distinctive characters of various leaf-traces as the 
incurved adaxial hooks connected with extramarginal supply to the pinne, the 
reinforcement of the adaxial strand in Ferns with marginal supply, and the retention 
of the marginal type even by fairly large-leaved species can certainly be interpreted 
if we consider broadly the needs of the pinne situated towards the tip of the leaf 
and the demand for water by large pinne of leaves possessing leaf-traces with 
unincurved adaxial edges. 

A very interesting confirmation of the view that the adaxial or abaxial hooks of 
the adaxial portions of the leaf-trace serve to carry forward the water-supply past 
the pinna-departures is found in SaLispury’s paper on “ The Determining Factors in 
Petiolar Structure.” He calls attention to Stnnort’s conclusion (Annals, xxv. p. 187) 
that it is “extremely doubtful if the size of the transpiration current has had much 
influence on the development of the vascular supply,” and confirms it for a species of 
Polypodium. There is a marked contraction of the xylem in a Fern-petiole, as 
SINNOTT reiterates (pp. 187, 188), as we approach near to its point of junction with 
the stem. SaLisBuRY, in emphasising the restriction of this contraction to a short 
distance at the base of the petiole, quotes (p. 266) the interesting observations of 
Ormspy, which show that the effect of contraction in water mains is negligible where 
the length of contraction is small as compared with the total distance traversed. 
But there is a possibility of contraction of the water-supply to a great part of the 
leaf at other points than just at the base. The departure of every pinna might 
cause such a contraction in the supply for the rest of the leaf. Only in a leaf of 
considerable length with a single large pinna (if we can imagine such a leaf) would 
it be possible to neglect the effect of the departure of the pinna-trace upon the 
supply for the rest of the leaf. The confirmation of Ormssy’s rule is seen in the 
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elaborate precautions taken by leaf-traces to prevent undue contractions of their 
general water-supply due to the departures of successive pinne. 

The two factors which have more than any others determined the development 
of the complications and simplifications of the margins of the Fern leaf-trace have 
been the need of carrying up past the earlier pinna-trace-departures a water-supply 
sufficient to meet the demands of the succeeding pinne and the terminal portion of 
the leaf. The need for supplying the separate pinna-traces has been met by the 
eiving-off of the parts of the leaf-trace nearest to those pinne. As the leaves became 
larger and more heavily pinnate, provision was made for the water-supply of their 
increasing number by the development of the incurved hooks on the adaxial face of 
the leaf-trace. The departure of the pinna-traces took place still from the most 
conveniently situated part of the leaf-trace, but, as this was the back of a hook, the 
supply was extramarginal in origin. Then there seems to have been a condensation 
of the leaf-trace (perhaps in relation to a reduction in the size of the leaf), shown in 
the appearance of “ broken” leaf-traces, either of the binary or of the many-stranded 
type. For some time the hooks were retained on the adaxial strands, but they 
gradually disappeared, and the pinna-supply was given off simply from the margins 
of the adaxial strands. Here and there arose again the need for carrying forward 
water past the pinna-trace departures. The marginal type of supply had become 
useful in its possibilities of extensive supply to the pimne. And the difficulty of 
carrying forward the water-supply to the ultimate parts of the leaf was solved by 
pressing the abaxial strand or the abaxial portions of the adaxial strands into the 
service. Sometimes the adaxial strands were reinforced from the median strand as 
necessity arose; at other times they were provided throughout their length with 
incurved abaxial hooks. If one may risk another generalisation from these details, 
it would seem that the Fern leaf in the course of its phylogeny had developed first 
in respect of length, at the same time as its appendages increased in size. Then there 
came a reduction both in the length of the leaf and in the size of the appendages, 
the reduction in length preceding the reduction in the size of the appendages. By 
that time the Fern leaf-trace had become thoroughly adapted to the needs of the 
leaf, and the later reductions or amplifications in special cases made but little change 
on the configuration of its adaxial portion, but mainly affected the abaxial part. 
Indeed, in the marginal type of pinna-supply which occurs in the more advanced 
Ferns we have the most improved type, and one which has proved to be the most 
adaptable. 

In conclusion, I desire to express my thanks to Professor I. Baytey Batrour, 
F.R.S., for granting me the privilege of obtaining most of the material 1 have 
examined from the Royal Botanic Garden, Edinburgh, and for communicating this 
paper; to Professor F. O. Bowrr, F.R.S., and Professor D. T. Gwynne-VauGHAN, 
F.L.S., for much helpful criticism ; and to Dr W. T. Gorpon, F.R.S.E., for assistance 
in the preparation of the microphotographs. 
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EXPLANATION OF PLATES. 


All the figures are from untouched microphotographs. 


Plate XXXIII. figs. 1-8. 


Fig. 1. Transverse section of the petiole of Aspleniwm obtusatum, Forst., showing the departure of the 
vascular supply to the two basal pinne. x 38. 

Fig. 2. Transverse section of the petiole of Davallia pallida, Mett., showing one pinna-trace nipped off 
from the fone trace, and the other in process of development. x 42. 

Fig. 3. Transverse section of the petiole of Anezmia hirta (L.) Sw., showing the departure of traces to the 
basal pinnee. x 40. 

Fig. 4. Transverse section of the petiole of Anezmia collina, Raddi. x 20. 

Fig. 5. Transverse section of the petiole of Loxvsoma Cunninghami, R. Br., showing development of 
pinna-trace. x 30. 

Fig. 6. Transverse section of the petiole of Loxsoma Cunningham, showing departure of pinna-trace. x 30. 

Fig. 7. Transverse section through one of the adaxial bundles of the petiole of Didymochlena truncatula 
(Sw.) J. Sm., showing the development of the ‘“extramarginal” type of vascular supply to the basal 
pinna, x05. 

Fig. 8. Transverse section of the petiole of Leptopteris hymenophylloides, A. Rich., showing the departure 
of one of the pinna-traces, x 44. 


Plate XXXIV. figs. 9-15. 


Fig. 9. Transverse section of the petiole of Odontosoria chinensis (L.) J. Sm., var. Veitchit, below the 
basal pinnee, showing the development of the pinna-traces. x 44. 

Fig. 10. Transverse section of the petiole of Hymenophyllum demissum (Forst.) Sw., showing one pinna- 
trace separated from the leaf-trace, and another in process of separation, x 42. 

Fig. 11. Transverse section of the petiole of Blechnum orientale, L., showing the development of one of 
the basal pinna-traces. x 40. 

Fig. 12. Transverse section through one of the strands of the leaf-trace of Gymnogramma Pearcet, 
Moore, var. robusta, showing the pinna-trace in process of being given off. x 40. 

Fig. 13, Transverse section of the petiole of Balantiwm culcita (L’Hérit.) Klf., showing the extension 
and buckling of the ends of the leaf-trace prior to the departure of the pinna-trace. x 20. 

Fig. 14. Transverse section of the petiole of Gleichenia flabellata, R. Br., showing the formation of the 
isolated cylindrical strands before the pinna-traces depart. x 33. 

Fig. 15. Transverse section of the petiole of Histtopteris incisa (Thbg.) J. Sm., showing the development 
of two pinna-traces. x 30. 


Plate XX XV, figs. 16-23. 


Fig. 16. Transverse section of the petiole of Histiopteris incisa (Thbg.) J. Sm., showing the completion 
of one of the pinna-traces. x 33. 

Fig. 17. Transverse section of the petiole of Botrychium lunaria (L.) Sw., showing the formation of one 
of the pinna-traces. x 33. 

Fig. 18. Transverse section of the petiole of Odontosoria retusa (Cay.) J. Sm., showing one pinna-trace 
free from the end of the leaf-trace, and the other in process of development. x 30. 

Fig. 19. Transverse section of the petiole of Onoclea sensibilis, L., showing the method of vascular supply 
to the basal pinne. x 46. 

Fig. 20. Transverse section of one of the adaxial strands of the leaf-trace of Drynaria rigidula (Sw.) 
Bedd., showing the separation from it of a pinna-trace. x 53. 

Fig. 21. Transverse section of the petiole of Cheilanthes myriophylla, Desv., var. elegans, showing the 
method of separation of the basal pinna-traces. x 33. 

Fig. 22. Transverse section of the petiole of Pterzs cretica, L., showing the extension of the ends of the 
leaf-trace, prior to the departure of the basal pinna-traces. x 33. 

Fig. 23. Transverse section of the rachis of the leaf of Aneimia collina, Raddi, showing the method of 
vascular supply to the last two pinne, x 42. 
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XII.—Studies on the Pharmacological Action of Tetra-Alkyl-Ammonium 
Compounds. By Professor C. R. Marshall. 


(Read December 15, 1913. MS. received March 24,1914. Issued separately July 29, 1914.) 


I]. THE ACTION OF TETRA-ETHYL-AMMONIUM CHLORIDE. 


The pharmacological action of tetra-ethyl-ammonium chloride has been investigated 
to a limited extent by Tiniin,* Sanresson and Koragrn,t Tarpeiner,{ Borxm,§ and 
H6sBER and WaLpENBERG,| in the course of other researches. TILLIE, and SANTESSON 
and Korarn, describe its action on frogs; TapPEINER merely states that it has 
no paralysing effect on the respiration of the rabbit; BorHm, and Hoser and 
WALDENBERG, refer only to its effect on the isolated frog’s muscle. The descriptions 
of the action of the iodide, which has been investigated by Jorpan,{ Brunton and 
CasH,** RorHBerGceR,t} Jacops and Hacenperc,{t and Barer and Dats,§§ in the 
course of other work, are also somewhat meagre. Brunton and Casu, and Jacoss 
and HaGENBERG, describe its action on frogs, and Brunron and CasH its action on 
rabbits; but JorpAN merely says that it produces on frogs a curare-like action but 
no muscarin effect, and Barcer and Date only state that it has no sympathomimetic 
action. The investigation of ROTHBERGER was limited to its antagonistic action 
towards curarin. 

A point of some importance, which I have not seen mentioned, is the instability 
of the chloride when kept under ordinary conditions. It is not only hygroscopic, but 
it also decomposes and relatively quickly becomes acid. A specimen which had been 
kept in the laboratory in a well-stoppered bottle for over a year was found on 
analysis to contain 15 per cent. of water and 14°8 per cent. of hydrochloric acid. 
The remainder, as shown by a determination of the ethyl groups and the chloride 
content, was pure tetra-ethyl-ammonium chloride. Two other specimens obtained 
from reliable firms contained 4°5 per cent. and 8 per cent. hydrochloric acid 
respectively when received. The commercial chloride, and this salt purified by 
dissolving in the smallest quantity of absolute alcohol, neutralising, filtermg and 
drying, finally in a desiccator, were used in the investigation. 


GENERAL EFFECTS. 


On Frogs.—The most prominent symptoms produced in grass frogs by injections 
into the dorsal lymph-sac were muscular contractions and tremors. Besides these, 


* Arch. f. exp. Path. u. Pharmak., xxvii. p. 17 [1890]. + Skand. Arch. f. Physiol., x. p. 225 [1900]. 

t Arch. f. exp. Path. wu. Pharmak., xxxvii. p. 349 [1896]. § Ibid., lviii. p. 267 [1908]. 

|| Pfliiger’s Arch., cxxvi. p. 337 [1909]. WT Arch. f. exp. Path. wu. Pharmak., viii. p. 15 [1877]. 
** Trans. Roy. Soc. Lond., clxxv. p. 201 [1884]. ++ Pfliiger’s Arch., xcii. p. 424 [1902]. 
tt Arch. f. eap. Path. u. Pharmak., xlviii. p. 58 [1902]. “$$ Journ. of Physiol., xli. p. 28 [1910]. 
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there were some loss of co-ordination, a varying degree of paralysis with diminution 
or absence of reflexes, and diminution or cessation of the respiratory movements. 
Winter frogs kept in the laboratory were less sensitive to this substance than 
recently caught summer frogs. 

The muscular contractions and tremors appeared in the case of summer frogs 
within three minutes of the injection of a large dose (2 mg. per gramme weight of 
frog), in five to eight minutes after a moderate dose (0°5 mg. per gramme weight of 
frog), and in twenty to thirty minutes after a minimal effective dose (0°05 mg. per 
gramme weight of frog). Most commonly they seemed to commence in the dorsal 
or abdominal muscles, but in some animals the muscles of the limbs were first 
influenced. Sometimes, and especially after large doses, the tremors and contractions 
were general from the outset. In all cases the irregularity in distribution and extent 
of the movements was marked. 

At first the contractions were usually fibrillary and shortly tonic im character. 
Later, large muscle-bundles or even whole muscles were involved, producing in the 
case of the limbs somewhat grotesque movements. Still later, if the dose administered 
were sufficient, they assumed the form of twitches, which became less frequent and 
finally ceased. In some cases they persisted for hours, and often continued after the 
cessation of all reflex activity. The movements of the hind-limb muscles were the 
last to disappear. xcept after large doses, they were not constantly present during 
the earlier stages of the intoxication. Intervals of several minutes often occurred 
between successive twitches, and frequently they were induced by a paeleuasisa 
movement. Such a movement generally intensified them if present. 

After doses larger than 0°3 mg. per gramme body-weight the stage of irregular 
muscular contractions usually passed into one of complete paralysis, which lasted a 
variable time. After the injection of 1 mg. per gramme of frog, paralysis occurred 
in fifteen minutes and complete recovery within eighteen hours. After double this 
dose, paralysis developed in five minutes and recovery did not occur. The muscles 
associated with respiration were the first to be paralysed and, if a non-lethal dose 
had been given, were the first to recover. After doses less than 0°3 mg. per gramme 
frog, complete paralysis did not follow, but more or less muscular weakness was 
noticeable. 

TrLuiz* states that doses of 0°01 g. to 0°02 g. induce in frogs powerful general 
fibrillary contractions before the onset of paralysis, but no mention is made of the 
occurrence of tremors by Sanresson and Korarn.{ They were, however, observed 
by Brunton and Casu} and by Jacops and HacEnpere§ after the administration of 
the iodide. But Brunton and Casu|| describe the symptoms produced by 0°007 g. 
to 0°028 g. of tetra-ethyl-ammonium iodide as being the same as those produced by 
similar doses of tetra-methyl-ammonium iodide. These were “spasmodic twitchings 
of trunk and limb muscles; limbs drawn up in a very tremulous manner; whole 

* Loc. cit. t+ Loe. cit. { Loc. cit., p. 205. § Loc. cit., p. 58, || Loc, cit., p. 205. 
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body twitches in response to pinching foot, even when the foot is no longer with- 
drawn; death within a minute with larger dose.” These symptoms, with the 
exception of the rapid death, have been present in all my experiments with effective 
doses of tetra-ethyl-ammonium chloride, but only on few occasions have I seen slight 
and transient fibrillary tremors in frogs after the injection of tetra-methyl-ammonium 
chloride. Tremors are, however, mentioned as occurring before the paralysis by 
Duravux™* and by lop.Baver,t but they were not seen, although looked for, in the 
experiments of SanrEsson and Korasn,{ and are not referred to by Truum§ In 
my experiments with tetra-methyl-ammonium chloride the symptoms produced by 
all doses from 0°006 mg. to 5 mg. per gramme weight of frog have been typically 
paralytic. And by injecting tetra-methyl-ammonium chloride previously or sub- 
sequently to the administration of tetra-ethyl-ammonium chloride I have prevented 
or annulled the contractions normally produced by the injection of the latter 
substance. Even if one-tenth the amount of the tetra-methyl salt be injected 
simultaneously with the tetra-ethyl compound, a notable limitation of the duration 
of the time the fibrillary contractions continue is seen. As will be shown later, the 
tremors produced by tetra-ethyl-ammonium chloride have their seat in the mechanism 
associated with the myo-neural junction, and it is possible that the different results 
obtained by different workers may have their explanation in the differences in this 
mechanism. To this point I hope to return in a later communication. I have, 
however, injected frogs at different times of the year and under different conditions 
with tetra-methyl-ammonium chloride without producing tremors. Nevertheless, 
fibrillary contractions may be produced for a brief period by applying small drops of 
a solution of tetra-methyl-ammonium chloride to an exposed muscle, and these 
commonly occur when an isolated muscle of a winter frog, but rarely when that of a 
summer frog, is immersed in a solution. 

In view of the statement of Brunton and CasH|| that tetra-methyl-ammonium 
iodide and tetra-ethyl-ammonium iodide produce the same action, I have made a few 
experiments on frogs with these substances. If certain slight differences due to the 
iodide are ignored, the effects obtained are strictly comparable with those produced 
by the corresponding chlorides. Tetra-methyl-ammonium iodide proved much more 
powerful than tetra-ethyl-ammonium iodide, and it did not produce those powerful 
irregular contractions and tremors which characterise the action of the latter 
compound. Moreover, tetra-methyl-ammonium iodide, like the chloride, quickly 
caused diastolic arrest of the heart, at least in doses of 0°15 mg. per gramme of frog 
and above, an effect which was wanting in my experiments with tetra-ethyl- 
ammonium iodide. 

On Rabbits. — The only experiments dealing with the effects of the tetra-ethyl- 
ammonium compounds on mammals that I have been able to find are those of 


* Quoted by SanrEsson and Korakgn, loc. cit. + Arch, Internat. de Pharmacod., vii. p. 188 [1900]. 
t Loe, cit., p. 220, § Loe. cit, || Loc. cit., p. 205. 
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Brunton and Casn* with tetra-ethyl-ammonium iodide, and those of Jacops and 
HaGENBERG + with tetra-ethyl-ammonium tri-iodide. Brunton and Casu, after 
injecting hypodermically one gramme of tetra-ethyl-ammonium iodide into a rabbit, 
observed trembling and shivering in eleven minutes, paresis of the fore part of the 
body in twenty minutes, cessation of the respiration with persistence of the corneal 
reflex in twenty-three minutes, and death in thirty-six minutes. After injecting 
0°5 g. into a rabbit, the animal lay with its head on the table twenty-one minutes 
after the administration, shaking from side to side. Five minutes later there were 
convulsive springing, lurching, and shuffling, with dyspncea. Death occurred thirty 
minutes after the injection. Jacopy and HAGENBERG state that hypodermic injections 
of 0°1 &. to 0°25 e. tetra-ethyl-ammonium tri-iodide per kg. OLS weight suspended 
in siveenn into inte produced no symptoms. 

As the injection of 8 ¢.c. of a 2°5 per cent. solution of tetra-ethyl-ammonium 
chloride into the peritoneal cavity of a rabbit weighing 1975 g. produced no 
symptoms, intravenous medication was resorted to. The injections were made into 
one of the veins of the ear, and occupied about one minute. The lethal dose was 
found to be, for rabbits, about 0°05 g@. per ke. body-weight. The intravenous 
injection of 0°02 g. per kg. merely caused slight dyspnoea and slight tremors of the 
fore part of the boils a few minutes after the administration. Half this dose only 
caused slight deepening of the respiration. After the administration of a small 
lethal dose (0°06 ¢. per kg.) the animal remained normal and moved about for one 
minute; then the respiration became slower and the heart-beats somewhat faster, 
and three minutes after the completion of the injection there appeared slight 
spasmodic tremors with head-nodding. Half a minute later a second more powerful 
tremor occurred, and twenty seconds later still more powerful tremors, which 
continued ten seconds. Further similar spasms were few and slight and transient. 
Five minutes after the termination of the injection the breathing was much slower 
and somewhat gasping in character, and the heart-beats appeared somewhat more 
forcible but were otherwise unchanged ; the animal sank on the table with the head 
to one side, and from time to time moved slowly. Ten minutes after the injection 
the respiration was still slower and air-hunger still more manifest; the heart-beats 
were somewhat slower and weaker. The corneal reflex was present. From six to 
eight minutes later the animal made several spasmodic springs, after which the pupil 
dilated and the cornea became insensitive. The respiration ceased twenty and a half 
minutes after the cessation of the injection, and the heart-beats a few seconds later. 

The injection of 0°1 g. per kg. intravenously produced deep convulsive breathing 
before the injection was oomuplebed Erection of the tail and convulsive movements 
of the hind limbs, which lasted for a few seconds, quickly followed, and the animal 
then lay on its side paralysed. The corneal reflex was absent, but a few gasping 
movements of the mouth occurred, the last about two minutes after the termination 


* Loe. cit., p. 210. + Loe. cit., p. 60. 
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of the injection. The heart-beats were apparently normal at this time, but later 
they became weaker and less frequent, and finally ceased seven minutes after the 
end of the injection. Two minutes previously a few tremors of the right fore limb 
were noticed. 

After the intravenous injection of 0°25 g. per kg. body-weight, death occurred 
within a minute of the termination of the injection. A few slight convulsive move- 
ments, chiefly of the hind limbs, occurred during the injection, but the breathing 
had ceased and the fore part of the body was completely, and the hinder part almost 
completely, paralysed at the end of the injection. The heart-beats were then feeble ; 
they ceased before another minute had passed. The pupils were markedly contracted. 
Tremors of the back muscles occurred soon after the cessation of the injection, and 
somewhat later tremors of the abdominal muscles. Half an hour after death tremors 
in the hind limbs were present. 


Errect oN NERVES AND MUSCLES. 


Both the muscular contractions and the paralysis observed in frogs are peripheral 
in origin. They are obtained as easily in frogs in which the brain and spinal cord 
have been pithed as in normal animals, and are readily obtained by the local applica- 
tion of the substance to exposed muscles. 

SaNTEsson and KoraEN* state that they found it difficult to determine the 
paralysing action of tetra-ethyl-ammonium chloride on the nerve-endings owing to 
its action on the muscle-substance. This difficulty has not presented itself in my 
experiments. In all, whether on intact frogs or on muscle-nerve preparations, the 
myo-neural junction was found to be paralysed at a time when the irritability of the 
muscle was little atfected. In a frog which had received 1°5 mg. per gramme body- 
weight into the dorsal lymph-sac, and which, after the development of preliminary 
tremors, was completely paralysed in ten minutes, the muscles when tested twenty 
hours later were found to react with the secondary coil (the primary current being 
obtained from one accumulator cell) at 19 cm., while the sciatic nerves did not 
react with the coil full up. In a second experiment, in which the frog received 2 mg. 
per gramme body-weight and was pithed one and three-quarter hours after the 
injection, the gastrocnemii muscles reacted with the secondary coil at 40 cm., the 
sciatic nerves being unirritable with the strongest current. With smaller doses the 
same phenomena but in less degree were observed. After the injection of 0°4 mg. 
per gramme of frog and pithing three hours later, the gastrocnemii reacted with the 
secondary coil at 36 cm., the right sciatic was irritable with the coil at 8°5 cm., and 
the left sciatic with the coil at 4°5 cm. 

By means of a Claude Bernard experiment the predominant influence of tetra- 
ethyl-ammonium chloride on the nerve-endings is more decidedly shown. Thus, in a 
frog with the brain pithed and with the left iliac artery and vein ligatured and 

* Loc, cit., p. 225, 
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two ligatures round the upper part of the left thigh, the injection of 0°8 mg. per 
gramme of frog produced the following result when the nerves and muscles were 
tested nineteen hours later. The numbers refer to the position of the secondary 
colle 

Left gastrocnemius muscle, 18°5 cm. Left sciatic nerve, 17 cm. 

Right gastrocnemius muscle, 17 cm. Right sciatic nerve, not irritable. 


In another experiment, in which the right thigh was hgatured, the muscles and 
nerves were tested two and a half hours after the injection, with the following 
result :— 

Right gastrocnemius muscle, 20°5 cm. Right sciatic nerve, 22°5 cm. 
Left gastrocnemius muscle, 19 em. Left sciatic nerve, not irritable. 


If a dose insufficient to produce paralysis is given, the nerves may be found as 
irritable as the muscles, or may be found as irritable as the muscles on one side and 
less irritable on the other. Thus, in a frog to which 0°1 mg. per gramme body-weight 
was given, the following results were obtained when the animal was pithed two 
hours after the administration :— 


Left gastrocnemius muscle, 44°5 cm. Left sciatic nerve, 43°5 cm. 
Right gastrocnemius muscle, 44°5 cm. Right sciatic nerve 20 cm. 


But in these cases it was found that continued stimulation of the nerve induced 
exhaustion more quickly than normally. The difference on the two sides, in those 
cases in which it was present, was in all probability due to greater diffusion of 
some of the solution along the lymph-saes of one side, and consequently a greater 
local effect. 

The greater paralysing influence on the nerve-endings as compared with the 
muscle may also be shown by means of a muscle-nerve preparation. When such a 
preparation is steeped in an isotonic solution of tetra-ethyl-ammonium chloride, the 
nerve is found to be unirritable before the irritability of the muscle is much affected. 
And as the application of an isotonic solution to the nerve-trunk does not materially 
influence the irritability of the nerve, the paralysing action of the substance must be 
attributed to an action on the so-called nerve-endings. 

The irregular muscular contractions and tremors have a similar location, TILLIE* 
states that a previous injection of curarin prevents the appearance of these tremors, 
and I have corroborated his statement. Jacospy and HaGENBERG { also obtained no 
tremors with tetra-ethyl-ammonium iodide after curare had been given. TILLIE 
expressed the opinion that the tremors were due to an increased irritability of the 
nerve-endings, and Jacops and HaGenpere were of the same opinion, but no experi- 
mental evidence is given to support this belief. It is not difficult to show that an 
increased irritability of the nerves exists after the administration of small doses of 

* Loe. cit. + Loe. cit., p. 59, 
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tetra-ethyl-ammonium chloride. If the minimal stimulus necessary to excite the 
sciatic nerves of a frog with brain and cord pithed be determined, and a dose of tetra- 
ethyl-ammonium chloride insufficient to paralyse be injected, it will be found that 
the nerves react to a smaller stimulus after the intoxication than before. In an 
experiment in which the right thigh was ligatured, the left sciatic nerve prior to the 
injection was irritable with the secondary coil at 23 cm., the right with the coil at 
21°5 cm. Seven minutes after the injection of 0°1 mg. per gramme of frog into the 
abdominal cavity, irregular and fibrillary contractions appeared in the trunk muscles, 
and some minutes later extended to the thigh and left lez muscles. Later, owing to 
the difficulty of preventing diffusion of this substance by simply ligaturing the leg, 
contractions appeared in the right leg muscles. Twelve minutes after the injection 
the left sciatic was irritable with the secondary coil at 24°5 em., the right sciatic with 
the coil at 20 cm. Two hours after the administration the left sciatic reacted with 
the coil at 29 cm., the right sciatic with the coil at 25 cm. In a similar manner an 
increase in the irritability of the nerves in mammals may be shown (see fig. 3); and 
it may also be demonstrated on the isolated nerve-muscle preparation of the frog. 
The marked increase in the tremors which often follows a voluntary movement or 
mechanical or electrical stimulation also points to this condition. Not infrequently 
tremors which have failed to develop owing to an insufficient dose, or which for the 
time being have been in abeyance, may be induced by gently probing a muscle or by 
electrically stimulating its nerve ; and in the course of experiments on the effects of 
applying small drops of a solution to muscles, I have even seen them initiated in one 
muscle by the contractions of another muscle playing in part over it. Nevertheless, 
while increased irritability undoubtedly exists during an intoxication with tetra- 
ethyl-ammonium chloride, these contractions, although less actively, have continued 
in many of my experiments to a time when the animal was obviously paralysed and 
when electrical stimulation of the sciatic nerves showed them to be unirritable or 
much less sensitive than normally. It seems difficult, therefore, to avoid the 
conclusion that the block in the early stages of the paralysis occurs in a proximal 
portion of the myo-neural junction, or that the whole of the myo-neural junction is 
not simultaneously, perhaps not uniformly, paralysed. 

The muscular contractions are readily produced by applying minute drops of a 
solution above 1 in 1000 to an exposed muscle, after the method of Lanciry. I have 
usually employed for the purpose a fine hypodermic needle with the point cut off, 
but have also employed a fine sable brush. In some cases the surface of the muscle 
was dried with filter-paper prior to the application, in order to prevent running of the 
drop. The procedure appeared to render the muscle less sensitive, and delayed, often 
markedly, the appearance of the tremors, but it did not materially influence the sub- 
sequent effects. When an isotonic solution was applied to the sartorius, for example, 
tremors of a portion of the muscle proximal to the drop, quickly followed by a brief 
tonic contraction of a longitudinal strip of muscle about the width of the drop, occurred 


386 PROFESSOR C. R. MARSHALL ON THE 


in twenty to twenty-five seconds after the application, and very soon the contractions 
became frequent and irregular and often clonic in character. At times, and especially 
after a considerable interval had elapsed, the whole muscle contracted. If the muscle 
were not dried, contractions of one or more of the adjoming thigh muscles occurred 
simultaneously with those of the sartorius. Ifa drop be applied to one of the seg- 
ments of the rectus abdominis, contractions of a portion or of the whole segment 
occur at first towards the drop. Later they assume the irregularity which characterises 
their occurrence in other situations. The contractions were always limited to the 
segment to which the solution was applied; they did not extend to the segments of 
the muscle of the same side or to those of the muscle of the opposite side. When 
concentrations of 1 in 1000 in Ringer’s solution were used, many muscles did not 
react with a single application, and in some cases several applications had to be made 
before contractions were obtained; and in those which reacted a longer interval 
occurred before the first contraction appeared. By employing these small concen- 
trations it can readily be shown, as LANGLEY found for nicotine, that different muscles 
are differently affected quantitatively by tetra-ethyl-ammonium chloride. The order 
of susceptibility of those tested, the most susceptible being placed first, has in my 
experiments been: myo-hyoid and sternal portion of pectoral; rectus abdominis ; 
adductor longus, sartorius, ulnar ; tibialis posticus, semimembranosus ; gastrocnemius, 
deltoid. Whether the differences are associated with variations in physiological 
activity of the nerve-endings, or whether they are wholly or in part, as seems probable, 
due to differences in rate of penetration into the different muscles, was not determined. 
A few perfusion experiments were made, but they did not help to solve the problem. 
When a minimal stimulus of 1 in 5000 in Ringer’s solution was perfused at the rate 
of 1 ¢.c. per minute through the vessels of a pithed frog, shght twitches appeared 
first in the hand and digits and afterwards in the leg; and stronger solutions affected 
the arm muscles and abdominal muscles before those of the leg, but in one case the 
leg muscles were affected before the trunk muscles. It is possible, however, that these 
variations may have been due to differences in the rate of flow of the perfusion fluid 
through the different parts. 

The application of a small drop of an isotonic solution to the proximal end of the 
sartorius produced no contractions; nor were contractions obtained after a dose of 
curare or of tetra-methyl-ammonium chloride sufficient to paralyse the nerve-endings 
had been given. The application of solutions of tetra-methyl-ammonium chloride to 
exposed muscles usually produces, however, tremors and contractions similar to those 
seen after tetra-ethyl-ammonium chloride, but the effect is transient, apparently owing 
to the more powerful paralysing action of this substance. The application of a 
solution of tetra-ethyl-ammonium chloride subsequently induced no effect. 

Influence of Calcium Ion on the Production of Tremors.—The fibrillary tremors 
produced by guanidin were shown by FuHNER* to be prevented by the previous 

* Arch. f. exp. Path. u. Pharmak., lviii. p. 16 [1907]. 
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administration of calcium chloride intramuscularly. Calcium chloride in isotonic solu- 
tion, when injected into the dorsal lymph-sac in doses of 0°4 mg. per gramme of frog, 
did not, however, prevent tremors being produced by the injection of tetra-ethyl- 
ammonium chloride into the ventral lymph-sacs one to one and a half hour subse- 
quently. But in the two experiments made the tremors did not appear as quickly 
as in an animal not treated with calcium chloride, and they were later in appearing 
in the animal in which the longer interval was allowed to elapse before the tetra- 
ethyl-ammonium chloride was given, although in this case a larger dose was 
administered. The method, however, proved unsuitable for the end in view, probably 
owing to the relatively slow absorption and relatively rapid excretion of the calcium 
salt ; and as FuHNER’s method of large intramuscular injections did not seem to me 
free from fault, perfusion of solutions through the vessels was employed. With this 
method it was found possible, by the previous perfusion of calcium chloride solutions, 
to prevent the tremors ordinarily produced by tetra-ethyl-ammonium chloride even 
when relatively large concentrations were employed. Thus, in a pithed frog perfused 
for ten minutes with 1 in 1000 calcium chloride in Ringer’s solution at the rate of 
1°5 c.c. per minute, and then with this solution containing 1 in 500 tetra-ethyl- 
ammonium chloride, no tremors or muscular movement followed. If, however, a 
diluter solution of tetra-ethyl-ammonium chloride in Ringer is first perfused and 
well-marked tremors set up, the subsequent perfusion of 1 in 1000 calcium chloride 
may fail to stop them, probably owing to insufficient calcium reaching the muscles, on 
account of the contracted state of the vessels induced. In this connection it is worthy 
of mention that when Ringer was used as the normal perfusion fluid the subsequent 
perfusion of moderately strong solutions of tetra-ethyl-ammonium chloride caused 
contraction of the vessels ; if Ringer’s solution containing 1 in 1000 calcium chloride 
were first perfused, the subsequent perfusion with added tetra-ethyl-ammonium 
chloride caused dilatation. 

The inhibitory action of the calcium ion on the tremors and contractions produced 
by tetra-ethyl-ammonium chloride may also be conveniently demonstrated on the 
excised sartorius muscle of the frog. When this muscle is placed in an isotonic sodium 
chloride solution (RINGER *), or better in an isotonic salt solution containing sodium 
phosphate and a little sodium carbonate (BrepERMANN f), it shows fine tremulous and 
vermicular movements which are inhibited by the addition of a small quantity of a 
calcium salt. This Biedermann phenomenon is noticeably increased by the addition 
of a little tetra-ethyl-ammonium chloride to the salt solution, and when thus intensi- 
fied a larger amount of calcium in the solution is necessary to inhibit the movements. 
Owing to Biedermann’s fluid containing an alkaline carbonate and a relatively large 
amount of a soluble phosphate, the addition of calcium chloride to it causes precipita- 
tion of calcium carbonate and phosphate ; hence a simple sodium chloride solution is 

* Journ. of Physiol., vii. p. 295 [1886]. 
+ Sitewngsber. d. Kats. Akad. d. Wiss, Wien, 1xxxi., III. Abt., p. 257 [1880]. 
TRANS. ROY. SOC. EDIN., VOL. L. PART II. (NO. 12). 54 
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better adapted for studying the inhibitory action of calcium. Some variability in the 
reaction of the muscles of different frogs, and especially at certain times of the year, 
is observed—the sartorii of many female frogs during February and March show no 
movement whatever when placed in 0°6 per cent. sodium chloride solution—but in 
my experiments a maximum of 0°02 per cent. of calcium chloride has been sufficient 
to inhibit the contractions.* Often much less sufficed. In a normal salt solution 
containing 0°2 per cent. of tetra-ethyl-ammonium chloride, a concentration of 0°05 
per cent. of calcium chloride was needed. In such a solution one or a few contractions 
sometimes occurred when a fresh muscle was immersed, but these did not follow if the 
muscle was transferred from a salt solution. 

Owing to the calcium present, the Biedermann contractions do not occur when a 
muscle is placed in Ringer’s solution. If, however, a sartorius is put into Ringer's 
solution containing 0°2 per cent. of tetra-ethyl-ammonium chloride, periodic contrac- 
tions of the whole muscle, usually but not invariably accompanied by fibrillary 
tremors, follow. The contractions cause bending of the muscle outwards, the external 
surface of the muscle forming the inner surface of the curve. All movements are 
prevented by the addition of 0°1 per cent. of calcium chloride to the solution. After 
the addition of 0°05 per cent. calcium chloride a few preliminary movements only occur. 
The contractions are diminished but not annulled by the presence of 0°025 per cent. of 
calcium chloride. When, however, sufficient calcium was present to prevent spon- 
taneous movements, contractions could be induced for one to two seconds by probing 
the muscle, especially about the point of entrance of the nerve. 

The factor of importance in this phenomenon of inhibition is apparently the actual 
concentration of the calcium salt, and not its concentration in relation to the concen- 
tration of the tetra-ethyl-ammonium chloride. To take an example, a sartorius muscle 
in a solution isotonic with 0°6 per cent. sodium chloride, containing 1 in 3750 calcium 
chloride, 1 in 1250 tetra-ethyl-ammonium chloride, and common salt, showed twitches 
similar to but less frequent than those seen in the corresponding muscle of the opposite 
side in a similar solution, but without calcium chloride. When the muscle was trans- 
ferred to an isotonic solution containing double the amount of calcium chloride and 
of tetra-ethyl-ammonium chloride, z.e. 1 in 1875 calcium chloride and 1 in 625 tetra-_ 
ethyl-ammonium chloride, no spontaneous movements occurred. On being placed, 
after surface drying, in the previous solution, movements again appeared and were 
again inhibited when the muscle was placed in the stronger solution of calcium and 
tetra-ethyl-ammonium chlorides. It would thus seem as if the inhibition were not 
due to any association or combination of the tetra-ethyl-ammonium chloride with the 
calcium chloride, and that this does not happen is also supported by the fact that 
solutions of tetra-ethyl-ammonium chloride and of calcium chloride of the same 
electrical conductivity show no change of conductivity when they are mixed. 

Action on Excised Frogs Muscle.—When an excised frog’s muscle is immersed in 


* All the solutions used were made isotonic with 0°6 per cent. sodium chloride. 
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a solution of commercial tetra-ethyl-ammonium chloride of not less than 1 in 1000 
strength, contracture results, the rapidity and height of the contraction depending on 
the particular muscle employed, to some extent on the weighting of the muscle, and, 
within limits, on the concentration of the solution. The contraction is usually 
followed by some relaxation, and the muscle then passes into rigor. The effect is 
obtained after curarising the muscle and after paralysing the nerve-endings by 
gradually increasing concentrations of tetra-methyl-ammonium chloride (fig. 1). 
It is not obtained with any strength of pure tetra-ethyl-ammonium chloride up 
to slightly hypertonic solutions. By comparing the action of concentrations of 


Fic. 1.—Effect of commercial tetra-ethyl-ammonium chloride on isolated frog’s sartorius. The 
muscle was first immersed in a bath of 0°25 per cent. curarin and afterwards in 1 per cent. 
tetra-methyl-ammonium chloride. The arrow indicates immersion in 0°5 per cent. tetra- 
ethyl-ammonium chloride. Time in minutes, Lever increased contraction five times. 


hydrochloric acid in Ringer’s solution of the same acid strength as the solutions of 
commercial tetra-ethyl-ammonium chloride it was found that a similar action was 
produced in each case, and consequently the contracture appears to be wholly due to 
the presence of the acid in the commercial salt. When a muscle was immersed in 
an isotonic or slightly hypertonic solution of pure tetra-ethyl-ammonium chloride, no 
effect except very gradual and slight relaxation, such as often occurs in a normal 
muscle in normal saline solution, followed. Fibrillary tremors were rarely observed, 
and there was relatively little diminution in the irritability of the muscle substance. 
The nerve-endings were paralysed, but this action occurred relatively slowly and 
required twenty minutes or more with an isotonic solution for its development. If 
early in the intoxication of a nerve-muscle preparation the nerve be stimulated with 
a faradic current for some time, a curious clonic form of curve is obtained (fig. 2), 
due to the ordinary nervous disturbances being interrupted by irregular more or less 


390 PROFESSOR C. R. MARSHALL ON THE 


refractory periods, and which in all probability is to be associated with the combined 
effects of increased irritability and paralysis previously described. 

BoruM,* and HésER and WaLDENBERG,{ record some observations on the action 
of tetra-ethyl-ammonium chloride on the isolated frog’s muscle. BoExHM also found 
that it did not produce tonic contracture, and he indicates that it has no influence on 
the direct irritability of the muscle. The graphs of H6BpeR and WaALDENBERG, on the 
other hand, appear to show a greater degree of toxicity than was obtained by Born 
or myself. 

Action on Motor Nerve Endings of Mammals. 


Both increased excitability and 
paralysis of the motor nerve endings are seen in mammals as in frogs. It has been 
shown in an earlier part of this paper that, in rabbits, the intravenous injection of 
large doses of tetra-ethyl-ammonium chloride causes paralysis and rapid death, and 


Fic. 2.—Effect of continuous indirect stimulation of frog’s gastrocnemius after fourteen minutes’ immersion 
in 1°5 per cent. pure tetra-ethyl-ammonium chloride. Secondary coil at 27 cm. Primary current 
from single accumulator cell. Contractions enlarged five times. Time marking ten seconds. 


that minimal doses induce slight and transient dyspnoea. By injecting these minimal 
doses into the veins of an anesthetised animal during continued stimulation of a 
motor nerve, a depressant action on the nerve-endings can be demonstrated. The 
effect produced by the minimal dose (0°01 ¢. per kg. body-weight) inducing symptoms 
is, however, very slight; a fall in the height of the contraction commencing about 
fifteen seconds after the beginning of the injection and reaching about one-third the 
extent of the contraction in one minute occurs, but complete paralysis is not 
produced. Paralysis to this mode of stimulation is only obtained with a dose of 
0°02 g. per kg. body-weight. When such a dose is injected into the external jugular 
vein, complete paralysis to continued electrical stimulation of a nerve of the fore 
limb is produced in fifteen to twenty seconds (fig. 3). The effect, however, is very 
transient. A few seconds after stopping the stimulation the nerve is again irritable, 
and it quickly becomes more irritable than before; but, as in the case of other 
substances paralysing motor nerve endings, rapid exhaustion follows continued 


* Loc. cit, + Loc. cit., p. 344, 
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stimulation. Two features characterise the recovery from the paralysis, namely, an 
increased irritability of the nerve and tremors. These effects may also be produced 
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Fic. 4.—Effect of second injection of same dose of tetra-ethyl-ammonium chloride on nerve-endings 
of fore limb. Letters as in previous figure. x 2. 


by non-paralytic doses, In the experiment from which figs. 3 and 4 are taken— 
a cat weighing 2125 grammes, aneesthetised with chloroform—stimulation of one of 
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the cut cords of the brachial plexus with the secondary coil at 35 cm. gave a good 
and constant contraction of the corresponding limb. Two minutes after an injection 
of 0°011 g. per kg. body-weight into the external jugular vein, the same strength of 
stimulus carried the writing lever off the drum, and the secondary coil had to be 
placed at 40 cm. to produce the same curve as was previously obtained with the coil 
at 35cm. The effect of the next injection of 0°023 e. per kg. body-weight is shown 
in fig. 3. Again the writing lever was carried off the paper by stimulating the 
nerve with the same strength of stimulus (secondary coil at 41 cm.) as that used 
previous to the injection. Hven more pronounced increased susceptibility was 
obtained in other experiments. 

Before the onset of this increased irritability small irregular twitchings of the 
limb may develop. In the experiment referred to they occurred twenty to thirty 
seconds before a notable increase in the irritability of the nerve was observed, but 
were not a marked feature. Their commencement after the second injection is shown 
towards the end of fig. 3. Later they became very marked, and were almost limited 
to the time of stimulation of the nerve (fig. 4). This figure further shows that the 
injection of a second dose of 0°023 ¢. per kg. body-weight does not prevent their 
occurrence, although the irritability of the nerve, as shown by diminished contraction 
of the limb, is temporarily lessened. On rabbits similar results were obtained. 

To this increased irritability of the nerve-endings the results obtained by 
ROTHBERGER* on curarised animals are in all probability due. He found that in 
curarised cats the subcutaneous injection of tetra-ethyl-ammonium iodide was followed 
in ten to twenty minutes by the reappearance of irritability of the sciatic nerves, 
and later by spontaneous breathing. He came to the conclusion that undoubted 
antagonism exists between tetra-ethyl-ammonium iodide and curare; but as four of 
his eight experiments were negative, the antagonism would appear to be relatively 
slight and physiological in nature. 


ACTION ON THE CIRCULATION AND RESPIRATION. 


In contradistinction to tetra-methyl-ammonium chloride, tetra-ethyl-ammonium 
chloride exerts no distinctive action on the circulation. Jorpan,t Trvure,{ and 
Jacops and HacEnseErc § state that it has no muscarin-like effect on the heart of frogs. 
Jacospy and HaGEnBerG observed slowing of the heart after the administration of 0°5 
to 0'7 mg. per gramme of frog, which was uninfluenced by atropine. Brunton and 
Casu || noted diastolic standstill of the heart in frogs, and Sanresson and KoraEn 9 
early cessation of the heart’s action. In my own experiments on frogs the heart was 
relatively little affected. In most cases it was beating well when the animal was 
pithed. In one instance cessation of the ventricle in systole occurred ; and in the 
few other cases in which cessation of the heart was observed after the administration 


* Loe. cit. t Loe. cit. t Loc. cit. 
§ Loe. cit., p. 58. || Loc. cat., p. 205. J Loc. cit., p. 226. 
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of large doses no instance of stoppage in the extreme diastole, which is characteristic 
of tetra-methyl-ammonium chloride and other substances stimulating the vagal nerve 
endings, occurred. When a hypertonic solution (2°15 per cent.) was dropped on to 
the exposed heart a slight increase in the frequency of the beats occurred, but no 
diastolic relaxation or cessation of the heart followed, notwithstanding repeated 
application. 

In rabbits the intravenous injection of 1 or 2 mg. per kg. body-weight is usually 
followed by a slight fall of blood-pressure. The fall commences a few seconds after 
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Fic. 5,—Effect of tetra-ethyl-ammonium chloride on the respiration and blood-pressure of a decerebrate 
rabbit. Weight 2225 g. Letters as in fig. 8. The respiration was recorded by connecting one 
limb of the tracheal cannula to a tambour. 


the completion of the injection, and with a dose of 2 mg. per kg. extends to about a 
quarter the height of the normal blood-pressure. Recovery occurs in two to three 
minutes. Doses of 10 mg. per kg. body-weight cause a more rapid and somewhat 
more profound fall of blood-pressure, but the extent is rarely more than half the 
normal height. With doses of 25 mg. per kg. body-weight a fall to about one-third 
the normal height occurs (fig. 6). The fall is maintained for one to two minutes, and 
then gradual recovery follows. As no slowing or apparent weakening of the heart 
occurs, the fall would seem to be due to a vascular effect. In decerebrate animals a 
slight rise may precede the fall of blood-pressure (fig. 5). 

The blood-pressure of cats is much less susceptible to the action of tetra-ethyl- 
ammonium chloride than that of rabbits. In these animals an intravenous injection 
of 10 mg. per kg. body-weight usually produces no change, and even doses of 25 mg. 
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per kg. body-weight cause only a relatively slight fall lasting about two minutes (figs. 
3 and 4). No evidence of stimulation of the vagal nerve endings in cats or rabbits, 
such as occurs after the administration of tetra-methyl-ammonium chloride, was 
obtained. 

The respiration is also much less affected by tetra-ethyl-ammonium chloride than 
by tetra-methyl-ammonium chloride. After doses of 10 mg. per kg. body-weight 
intravenously to anzesthetised rabbits, slight diminution in the extent of the respira- 
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Fic. 6.—Effect of tetra-ethyl-ammonium chloride on the respiration and blood-pressure of an anesthetised 
rabbit. Weight 2500 g.; ether. Letters as in fig. 3. The effect of stimulating the right phrenic 
nerve on the respiration is also shown. 


tion and in the irritability of the phrenic nerves may occur, but the latter may be 
present without any obvious changes in the frequency or depth of the respiration. 
Doses of 20 mg. per kg. body-weight cause well-marked but transient depression of 
the respiration, and for about half a minute the phrenic nerves are but slightly 
irritable (cf. fig. 6). Complete paralysis of the respiration or of the phrenic nerves 
to intermittent stimulation was not obtained even with this large dose. TapprrInErR * 
also failed to produce with tetra-ethyl-ammonium chloride the temporary paralysis 
of the respiration which characterises the action of certain doses of tetra-methyl- 
ammonium chloride. 

The respiration of cats is less susceptible to tetra-ethyl-ammonium chloride 

* Loc, cit, 
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than that of rabbits ; intravenous injections of 20 to 25 mg. per kg. body-weight 
causing only slight diminution of depth, sometimes accompanied by slight slowing of 
the respiration (cf. figs. 3 and 4). 

In decerebrate animals the effects produced on the respiration are similar to 
those seen in anzsthetised animals. There is no diminished susceptibility to the de- 
pressant action of this substance in decerebrate as compared with anesthetised animals, 
such as occurs in the case of tetra-methyl-ammonium chloride. On the contrary, the 
respiration of decerebrate animals seemed to be somewhat more sensitive than that 
of aneesthetised animals. The intravenous injection of 27 mg. per kg. into a decere- 
brate rabbit caused permanent paralysis of the respiration, an effect not obtained in 
anzesthetised non-decerebrate animals, and in one experiment on a decerebrate cat in 
which the respiration, although deep, was slow (nine per minute) the intravenous 
injection of 10 mg. per kg. body-weight caused cessation of the respiration for thirty- 
five seconds. Afterwards the respiration became somewhat deeper and quicker. A 
previous injection of 5 mg. per kg. to this animal caused merely slight and temporary 
diminution in the depth of the respiration, so that the slightly increased activity seen 
after the larger dose was a secondary effect. During the respiratory depression 
induced by large doses of tetra-ethyl-ammonium chloride in rabbits a temporary 
increase in respiratory activity, which is also a secondary action, occurs in both 
aneesthetised and decerebrate animals (figs. 5 and 6). No evidence of stimulation of 
the respiratory centre in decerebrate animals, such as occurs after the injection of 
tetra-methyl-ammonium chloride, was obtained with any dose of tetra-ethyl-ammonium 
chloride. 
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XII1.—Rocks from Gough Island, South Atlantic (collected by the Scottish National 
AntarcticExpedition, 1902-1904). By Robert Campbell, M.A., D.Sc., Lecturer 
in Petrology in the University of Edinburgh. Communicated by Professor 
JAMES GEIKIE, D.C.L., LL.D., F.RB.S. 


i(MS. received March 16,1914. Read May 4, 1914. Issued separately October 3, 1914.) 


[Plate XXXVL] 


INTRODUCTION. 


The specimens described in this paper were collected by Dr J. H. Harvey Pirie, 
B.Sc., M.B., geologist to the Scottish National Antarctic Expedition, during a short visit 
paid to Gough Island on the homeward voyage of the Scotea from the Antarctic seas 
in 1904. The island is not often visited, and the only previous account of the rocks 
is by Professor L. V. Prrsson,* who described a series of beach pebbles collected by 
the captain of a whaling vessel. Among those Professor Prrsson noted two varieties 
of basalt, trachytic tufts, and a trachytic obsidian carrying olivine, and shown by 
chemical analysis to be of phonolitoid type. 

With the exception of a small fragment of limestone, the rocks in the Scotia 
collection are all igneous. They were obtained in the neighbourhood of the usual 
landing-place, the mouth of a small glen on the eastward side of the island. They 
include soda trachytes, trachydolerites, basalts, an essexite, and tufts. 


LAVAS. 


The lavaform rocks fall readily into two well-marked groups—trachytes and 
trachydolerites. The former are characterised by their abundant development of 
anorthoclase felspar ; the latter are more basic types, in which olivine is always present, 
and in which lime-soda felspars are accompanied by a varying amount of albite and 
albite-oligoclase. 


A. Alkalt Trachytes. 


The alkali trachytes comprise three distinct types:—(a) biotite trachyte, 
(b) sodalite trachyte, and (c) egerine-augite trachyte. 

(a) Biotite trachyte [G. 5,+ G. 12, G. 19]-—The rocks of this group were all 

* American Journal of Science, 1893, p. 380. 


+ The numbers refer to specimens in the museums of the Scottish Oceanographical Laboratory and the University 


of Edinburgh. 
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obtained im situ. They vary in colour from grey-brown to dark reddish-brown, and 
in the hand specimens phenocrysts of felspar, biotite, and less frequently augite are 
seen embedded in a compact felspathic groundmass. The felspar phenocrysts in thin 
section have a sanidine-like habit. They are, as a rule, much corroded, and often 
show a marginal zone of late growth rich in inclusions of magnetite and granular 
augite. Among the inclusions may be noted also crystals of biotite, needles of 
apatite, and fluid cavities, the last often arranged in lines parallel to the 100 cleavage 
of the mineral. The crystals show variable double refraction and fine microcline 
twinning (Pl. XXXVI. fig. 1); their mean refractive index is about 1°529. They are 
referred, therefore, to anorthoclase. This determination was confirmed by the 
values of the extinction angles on cleavage flakes. Bending of the crystals is not 
uncommon, and secondary limonite-hematite has been deposited along their cracks 
and cleavages. 

The predominating femic phenocrysts are biotites, pleochroic from lght yellow 
to deep red, brown, and black, and enclosing small zircons and apatites. The biotites 
invariably show evidence of resorption, partial or complete. When the crystal has 
been entirely resorbed it either retains its original form or has undergone disintegra- 
tion. A green non-dichroic augite also occurs sparingly in euhedral crystals, which 
sometimes exhibit simple twinning on 100. They enclose small needles of apatite 
and iron oxides, and rarely crystals of biotite. 

The groundmass shows normal trachytic texture, and consists chiefly of laths 
of soda sanidine, along with a small development of granular augite and mag- 
netite. Zircon and apatite occur as accessory minerals. 

(b) Sodalite trachyte [G. 14]—The collection includes one specimen of sodalite 
trachyte—a well-rounded stream boulder, greenish-grey in colour, and possessing 
a noticeable waxy lustre. The rock is sparingly microporphyritic, with egerine- 
augite, magnetite, and zircon—not infrequently aggregated together—sodalite, and 
brown apatite. The groundmass is holocrystalline and trachytic in texture, its chief 
constituent being simply-twinned laths of anorthoclase felspar. 

A colourless isotropic mineral whose refractive index is much lower than that of 
anorthoclase occurs in abundance both interstitially and in broad plates enclosing 
minute felspars in micropoecilitic fashion (Pl. XXXVI. fig. 2). Treatment of a thin 
section with a very dilute solution of HNOg and AgNOg confirmed the supposition 
that the mineral was sodalite. 

The ferromagnesian mineral of the groundmass is eegerine-augite, with the ragged 
ophitic habit usual in the alkali trachytes. 

The accessory constituents include zircon, widely disseminated in characteristic 
euhedral crystals, apatite in thin colourless needles, and magnetite. 

(c) Atgerine-augite trachyte |G. 8].—Not unlike the sodalite trachyte in appear- 
ance on fresh fracture are several angular and subangular blocks of alkali trachyte 
collected by Dr Pirie from a mass of volcanic agglomerate. The specimens have 
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a thick cream-coloured crust of decomposition products, streaked in places with red 
iron oxides. 

The rock consists essentially of a holocrystalline trachytic aggregate of anortho- 
clase, egerine-augite, and an undetermined mineral which in some respects resembles 
lavenite. It is sparingly microporphyritic with titaniferous magnetite, zircon, and 
brown dichroic apatite, and an occasional phenocryst of the undetermined mineral 
has also been noted (Pl. XXXVI. figs. 3 and 4). The rock is remarkably rich in 
zircon, and it contains as additional accessory constituents magnetite, colourless 
needles of apatite, and a little interstitial sodalite. 

The predominating mineral is anorthoclase in simply-twinned crystals with 
characteristic denticulate edges. Next in abundance is egerine-augite, pleochroic in 
grass-green and yellowish-green tints, in elongated prismatic crystals and irregular 
ophitic intergrowths with felspar. In almost equal amount is a mineral which has 
not been determined. In its pleochroism, crystal form, strength of double refraction, 
and optically negative character it comes near Javenite; it differs from the latter, 
however, in refractive index («=1°78), in the absence of twinning, and in its ready 
solubility in HCl. A detailed description of this interesting, and probably new, 
mineral is deferred until a complete chemical analysis has been made. 


B. Trachydolerites. 


Although differing from one another in some respects, the specimens obtained 
from four basic lava flows possess in common certain characters which justify their 
classification as trachydolerites, that term being used in its restricted sense for the 
effusive representatives of an essexitic magma. 

The most acid variety [G. 2] is a porous ashy-grey rock with scattered pheno- 
erysts of basic plagioclase, augite, olivine, skeletal ilmenite, and apatite. The 
plagioclase crystals contain inclusions of the groundmass, and are twinned on the 
Carlsbad, albite, and pericline laws. Their mean refractive index is 1°563, a value 
which indicates that they belong to labradorite-bytownite (Ab, Ans). Symmetrical 
extinction angles in sections cut at right angles to 010 confirm that determina- 
tion. The augites, greenish-brown in thin section, are euhedral and occasionally 
exhibit lamellar twinning. The olivines are in rounded crystals showing incipient 
serpentinisation. 

The porous fine-grained groundmass consists of plagioclase, granular augite, and 
iron oxides. Minute laths of oligoclase in fluxional arrangement form the most 
conspicuous feature ; but between the laths there is a very considerable development 
of albite and albite-oligoclase, the last product of crystallisation, partly in euhedral 
erystals, but for the most part as an anhedral crystalline cement in which the other 
constituents are embedded. 

The most basic example [G. 4] is a grey vesicular lava sparingly porphyritic with 
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olivine, plagioclase, ilmenite, and brownish-green augite. - Olivine is in much greater 
abundance than in the other trachydolerites, and occurs in a second generation of 
small crystals in the groundmass. The olivines are sometimes quite fresh, some- 
times completely replaced by pale brownish-red “iddingsite.” Ilmenite is found in 
large plates and skeletal growths, in part enclosed in the porphyritic olivines, in part 
moulded in the felspars. The plagioclase phenocrysts are not numerous, and are 
slightly more basic than in the other varieties. Extinction angles determined in 
sections cut at right angles to 010, and showing Carlsbad and albite twinning, prove 
that the felspar is, in part at least, a labradorite-bytownite with the composition 
Ab, An; Not infrequently the crystals are surrounded by a narrow zone more 
acid in character and crowded with inclusions. 

The groundmass consists chiefly of stout laths of labradorite, thin laths of 
oligoclase-andesine, olivine, and granular augite, along with accessory iron oxides 
and apatite. The interstitial alkali felspar is in much smaller amount, and the 
eroundmass is more coarsely crystalline than in the acid variety. 

The two remaining specimens of trachydolerite [G. 6 and G. 7] differ from the 
types already described in being conspicuously porphyritic with glassy plagioclase 
(labradorite-bytownite), augite, and olivine (Pl. XXXVI. fig. 5). They contain also 
microporphyritic crystals of apatite and ilmenite. G. 7 is very rich in brown dichroic 
apatite, similar to the brown apatite of the trachytes; in G. 6 the apatites are also 
numerous, but are colourless. Glomeroporphyritic aggregates of olivine, apatite, and 
ilmenite are not uncommon. 

Their groundmass is intermediate in character between those of the acid and 
basic types. It consists for the most part of laths of oligoclase and oligoclase- 
andesine, granules of greenish non-dichroic augite, iron oxides, and thin needles of 
apatite, together with a matrix of anhedral albite and albite-oligoclase. A small 
amount of residual glass is present in G. 6. 

The trachydolerites agree in all possessing in varying degree a considerable 
development of a crystalline “cement” of alkali or alkali-rich felspar, which is 
untwinned, and has a mean refractive index well below that of the Canada Balsam of 
the slides. In order to ascertain to which variety of felspar the “cement” belonged, 
it was separated from the other constituents in the powdered rocks, and its refractive 
indices compared with those of oils of known refraction. It was found that in all 
the specimens it consisted of albite and albite-oligoclase. Hxamination of several 
fragments in convergent lght revealed their optically positive character. None 
of the felspar observed had refractive indices so low as those of orthoclase and 
anorthoclase. 


Glassy basalts (2 trachydolerites). 


A rounded stream boulder of a vesicular lava [G. 15] contains numerous pheno- 
crysts of olivine, titanaugite, and basic plagioclase in a groundmass of brown glass 
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containing microlites of plagioclase and augite. This rock resembles the vitrophyric 
basalts from Tristan d’Acunha described by RENaRD.* 

A bright red specimen [G. 10], with conspicuous phenocrysts of plagioclase, proves 
on microscopic examination to be a highly decomposed glassy basalt. 


INTRUSIONS. 


Intrusive rocks are represented by specimens of (a) tachylite, (b) basalt, and (c) 
essexite. 

(a) Tachylite—A tachylite [G. 9] was collected from the chilled margin of one 
of the narrow dykes which traverse the lava series. The hand specimen shows 
small scattered phenocrysts of hornblende and plagioclase in a very fine-grained 
groundmass, which is crowded with narrow slit-like vesicles orientated parallel to a 
selvage of black glass. In thin section the rock is seen to consist of a pale brown 
glass containing crystals of basic plagioclase, brown hornblende, ilmenite, and apatite, 
along with skeletal growth forms of olivine and plagioclase, and minute microlites of 
a mineral with strong double refraction, probably a pyroxene. 

(b) Basalt.—A specimen [G. 11] collected from another small dyke is a fine- 
grained ashy-grey basalt, conspicuously porphyritic with basic labradorite and 
bytownite. Phenocrysts of corroded olivine, brownish euhedral augite, and iron 
oxides are also present. The groundmass consists of laths of labradorite, prismatic 
crystals of brown augite, iron oxides, and apatite, together with some interstitial 
alkali felspar. Although it differs from these in the preponderance of basic 
plagioclase, the presence of the characteristic “cement” of alkali felspar suggests 
that this dyke rock is related in origin to the trachydolerite lavas. 

(c) Esseaite.—Perhaps the most interesting intrusive rock collected by Dr Prrie 
is a coarsely crystalline essexite, strongly porphyritic with augite in euhedral and 
broken crystals averaging 4-inch in diameter. The large augites enclose numerous 
yellow rounded olivines and occasional laths of plagioclase. The groundmass is a 
ereyish-brown, even-grained, holocrystalline aggregate, chiefly of olivine, augite, 
and felspar. 

In thin section the augite has the purplish-violet colour with distinct pleochroism 
characteristic of titanaugite. The porphyritic crystals are sometimes deeper in tint 
towards their margins, but the zonal structure is not well marked. In addition to 
enclosures of olivine and plagioclase, they contain gas and liquid inclusions, often 
arranged in bands. Simple twinning on 100 is common, and lamellar and cruciform 
twins are also found. The groundmass augite is also a titanaugite occurring in 
euhedral and subhedral crystals. 

The predominating felspar is plagioclase, in broad laths occasionally showing 
zonary structure. The values of symmetrical extinction angles in sections cut at 


* Bull. Acad. Roy. de Belgique, 1885 (3), ix., No. 6. 
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right angles to 010, and estimation of mean refractive indices by comparison with 
oils of known refraction, prove that for the most part it ranges from medium labra- 
dorite to bytownite. Along with the basic plagioclase, however, occurs in fair 
amount, partly in interstitial patches and partly as an outer zone round the broad 
laths, felspar with refractive indices lower than that of the Canada Balsam of the 
slides. This felspar was found to be mostly albite and albite-oligoclase (as in the 
trachydolerites), orthoclase occurring very sparingly. 

The rock is rich also in titaniferous magnetite in elongated lath-like crystals, most 
of which have crystallised later than the augite and are occasionally moulded on the 
felspar laths. Apatite in elongated needles is widely disseminated, particularly in 
the patches of alkali felspar. 

The augite phenocrysts are much in excess of the groundmass, which is made 
up of olivine, augite, felspar, and iron oxides in approximately equal amounts. 
(Pl) XXXVI tiet6)) 

The Gough Island essexite resembles the pyroxene-rich varieties of Norwegian 
essexite described by BréccER ;* it is, however, poorer in augite and richer in olivine, 
and it is free from biotite. In the relative proportions of augite and olivine it 
approaches very closely the porphyritic essexite of Lennoxtown, but nepheline has 
not been observed in the Gough Island rock. 


TUFFS. 


Pyroclastic rocks are represented in the collection by trachytic tuffs varying 
in colour from yellow to greyish-brown. One of the most compact specimens was 
sectioned. It was found to consist largely of fragments of colourless spongy glass, 
along with numerous lapilli of yellow obsidian and vesicular glassy basalt, and broken 
crystals of olivine, augite, sanidine, and basic plagioclase. 

A large slagey lapillus of glassy basalt obtained from one of the tuffaceous 
deposits has some of its vesicles infilled with chalcedony. 


LIMESTONE. 


The only sedimentary rock is an arenaceous limestone containing remains of various 
calcareous organisms, conspicuous among which are spines and plates of echinoderms, 
together with subangular grains of plutonic quartz and occasional flakes of muscovite 
embedded in a calcareous cement. The specimen, unfortunately, is merely part of a 
beach boulder, and may have been carried to the island either by human agency or 
by floating ice. Had it been found in place, one would have been tempted to speculate 
on its probable bearing on the existence of a former land connection between South 
Africa and South America, 


* RosensuscH, Mikroskopische Physiographie, 1896, ii. p. 250. 
+ Mem, Geol. Survey : Geology of Glasgow District, 1911, p. 129. 
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CoMPARISON WITH ROCKS FROM OTHER VOLCANIC ISLANDS IN THE 
Soutu ATLANTIC, 


The wonderful uniformity in petrographical characters of the eruptive rocks of 
the islands of the Mid-Atlantic rise has been emphasised by Prior.* In Ascension, 
in St Helena, and in Tristan d’Acunha, for example, basalts are associated with 
alkali-rich phonolitic rocks. In Gough Island the association is similar. The pebble 
of trachytic obsidian (phlegrose) described and analysed by Pirsson + is strongly 
alkaline, with soda in excess of potash. The alkali trachytes, with their predominant 
anorthoclase, are decidedly soda-rich, and may be paralleled with the non-porphyritic 
trachytes of Ponza type from Ascension described by Renarp.{ The trachydolerites 
and essexite, too, as is shown by their high content of soda felspar, have been derived 
from an alkali magma rich in soda. The trachydoleritic affinities of the basalt dykes 
of Gough Island have already been pointed out, and very probably the glassy basalts 
and tachylite are similar in composition. ReEnarp§ gives an analysis of a tachylite 
from the Tristan d’Acunha group in which Si0g=48'09, NagO=5'06, and Kg0=2'88. 
The trachyandesitic character of some of the augite andesites || from the same group 
is evidenced by the fact that their phenocrysts of plagioclase are accompanied by 
others ofsanidine. Nepheline-bearing rocks have not so far been found on Gough 
Island, nor have soda rhyolites as is the case in Ascension, but it has to be remembered 
that the specimens collected by Dr Prrte were all obtained from a small area. 
Further collections will in all likelihood yield other rock types. There can be no 
doubt, however, that the present collection proves that the rocks of Gough Island 
have all been derived from a soda-rich alkali magma, and that in all probability they 
have had a common origin with the rocks of the other volcanic islands in the Mid- 
Atlantic rise. 
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EXPLANATION OF PLATE XXXVI. 
Photomicrographs of Rocks. 


Fig. 1. Biotite trachyte [G. 12], magnified 35 diameters, nicols crossed. The groundmass of the rock 
is a holocrystalline aggregate consisting chiefly of soda sanidine with subordinate augite and magnetite. The 
large phenocryst is anorthoclase, partially enclosing a crystal of biotite. 

Fig. 2. Sodalite trachyte [G. 14], magnified 35 diameters, nicols crossed. A holocrystalline aggregate 
of anorthoclase, egerine-augite, magnetite, and interstitial sodalite. The dark area to the right of the 
centre is sodalite enclosing small felspars micropoecilitically. 

Fig. 3. Agerine-augite trachyte [G. 8], magnified 23 diameters. The dark crystals are mostly an 
undetermined mineral resembling lavenite. The rest of the rock is chiefly anorthoclase and egerine-augite. 

Fig. 4. gerine-augite trachyte [G. 8], magnified 35 diameters, nicols crossed. From the same slide as 
fig. 3. The trachytic texture is well seen. The small phenocryst belongs to the same undetermined mineral 
as the dark crystals in fig. 3. 

Fig. 5. Trachydolerite [G. 7], magnified 35 diameters, nicols crossed. Phenocrysts of olivine, 
labradorite-bytownite, and ilmenite in a holocrystalline groundmass consisting of laths of oligoclase and 
oligoclase-andesine, granules of augite, iron oxides, and apatite needles, together with a “cement” of albite 
and albite-oligoclase. 

Fig. 6. Essexite [G. 13], magnified 20 diameters. The large crystal in the lower right-hand quadraut is 
titanaugite. On either side are colourless olivines. The rest of the photograph shows a holocrystalline 
aggregate of olivine, titanaugite, iron oxides, and basic plagioclase, with subordinate interstitial alkali felspar. 
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XIV.—On a New Species of Sclerocheilus, with a Revision of the Genus. By J. H. 
Ashworth, D.Sc., Lecturer in Invertebrate Zoology in the University of 
Edinburgh.* 
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The Polychzete family Scalibregmidee comprises seven genera, the limits and inter- 
relationships of which are, however, still imperfectly known. The present paper 
results from a detailed study of one of these genera, a new species of which is de- 
scribed, chiefly from a specimen collected in Scotia Bay, South Orkneys, and entrusted 
to me for examination by Dr W.S8. Bruce. 


5 
DESCRIPTION OF THE SPECIMEN COLLECTED IN Scotia Bay, SourH ORKNEYS. 


This specimen, the only Scalibregmid found by the Scottish National Antarctic 
Expedition, was dredged on a stony bottom in ten fathoms at Station 325, in Scotia 
Bay, South Orkneys (lat. 60° 43’ 42" S.; long. 44° 38° 33” W.), in August 1903. 

The worm, which is yellowish brown in colour (in alcohol), is 19 mm. long. The 
anterior portion is broad ; the maximum breadth, 3 mm., is reached about the level 
of the 10th segment; from this region the worm tapers gradually to the anal seg- 
ment. The dorsal surface of the worm is strongly convex; the ventral surface is 
flattened, and there is a well-marked depression which extends along the mid-ventral 
line from the 2nd cheetiferous segment almost to the anus. 

The prostomium is drawn out at each side into a stout, bluntly conical process 
(Pl. XXXVII, fig. 1). On the middle region of the dorsal surface of the prostomium 
there is a A-shaped area of dark-brown pigment representing the eyes. The point of 
the A is median, and is situated near the centre of the prostomium ; each limb of this 
pigmented area passes obliquely backwards and down the side of the prostomium. 

The peristomium consists of a single, achetous ring, which is incomplete ven- 
trally, where it forms the antero-lateral borders of the mouth (figs. 1, 2). 


* A grant in aid of the expenses incurred during this research has been received from the Earl of Moray Endow- 
ment of the University of Edinburgh. The cost of the woodcuts and of the reproduction of the figures on the plate 
has been defrayed by the Carnegie Trust for the Universities of Scotland. 
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There are 43 cheetiferous segments, the last of which is small and evidently 
recently formed ; this is succeeded by the anal segment or pygidium (fig. 5). 

The first chetiferous segment is narrow mid-dorsally, wider at the sides, 2.e. 
where the parapodia are borne, and enlarged mid-ventrally, just behind the mouth, 
to form a well-marked “ under-lip,” the front margin of which is lobate—about six 
lobes being indicated (fig. 2). This seement consists of two annuli, the anterior of 
which is much the larger and bears the parapodia. 

The second chetiferous segment (figs. 1, 2) is tri-annulate, there being a 
small ring in front of and another behind the cheetiferous annulus. These smaller 
rings are visible on the dorsal and ventral aspects, but are not seen in the lateral 
view of the worm. 

The third chetiferous segment has a similar constitution, but the fourth is 
composed of four rings—the cheetiferous annulus together with two rings in front 
and one behind. All the succeeding segments up to and including the 41st are 
also four-ringed ; the annulation is much less clear in the next segment, and the 
43rd segment is a single narrow ring bearing very small parapodia. 

In the fifth and succeeding cheetiferous segments the annuli are subdivided on 
the dorsal surface * by antero-posterior furrows, so that the skin is marked out into 
more or less quadrangular areas, as is the case in other Scalibregmide. This 
sculpturing of the skin is well marked up to about the 23rd segment, but in the 
following segments is exhibited only by the cheetiferous annull. 

The anal segment or pygidium is a short ring on which ventrally there are two 
slight enlargements (one on each side of the middle line), of which the left bears a 
slender cirrus about ‘5 mm. in length (fig. 5). Other cirri have been lost; it is not 
possible to say with certainty how many, but probably the original number was four. 

There is no trace of gills in this specimen. 


Parapodia. 


The notopodia and neuropodia of the first segment are little elevated above 
the general surface, but in the following segments there is right and left a prominent 
elevation extending over the whole lateral region of the sezment from each of which 
the notopodium and neuropodium arise. From about the seventh segment onwards 
the raised area presents papilliform elevations the epidermis of which is glandular. 
There is usually one of these papillee anterior and another posterior to the lip of each 
cheetal sac, that just behind the lip of the cheetal sac being especially well marked, 
forming in most of the segments a prominent, rounded knob. 

A cirrus is present on the posterior face of the 18th left neuropodium, and on all 
the succeeding neuropodia up to and including the 40th. Cirri were probably 
originally present also on the 41st and 42nd segments, the parapodia of which are 


* This subdivision of the annuli is feebly marked on the ventral surface. 
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slightly damaged and no longer bear cirri. In the 18th and 
19th cheetiferous seements the neuropodial cirrus is a short conical 
process, ‘05-08 mm. in length; but those of the succeeding seg- 
ments (fig. 6) rapidly increase in length, so that the cirri of the 
33rd to 40th segments are finger-shaped and ‘25-3 mm. long 
(fig. 5). There are no notopodial cirri. 

A lateral sense-organ is present in each parapodium imme- 
diately ventral to the base of the notopodium ; but as it is small, 
and usually hidden in a depression, it can be seen satisfactorily 
only in sections. The surface of the organ which bears the sense- 
hairs is oval in outline, and its longer diameter is not more than 
about 40u. This area is sunk below the level of the surrounding 
epidermis of the papilla on which the organ is situated. Ventral 
to the papilla bearing the sense-organ is a larger eleva- 
tion the epidermis of which is glandular (fig. 6). 


Chetez. 


The first notopodium bears chetze of three or 
four different kinds, the relative positions and detailed 
structure of which have been studied as far as has been 
possible on the single intact notopodium available. 

(i) There is an anterior series of about ten almost 
straight cheete (text-fig. 1, A), approximately ‘5 mm. 
long and 9-10u in maximum diameter. Hach of these 
cheetze tapers rapidly in its distal fourth to a fine 
point, and the preparations indicate that the tips of 
these cheetze project little beyond the lips of the 
cheetal sac. 

(ii) Close behind the cheetze just described is a 
series of about fifteen stronger cheetze, each bent in a 
characteristic manner (text-fig. 1, B). These cheetz 
are “6-65 mm. long, and their maximum diameter is 
10-124. Hach cheeta tapers somewhat abruptly at its 
free end, and, when unworn, has along both sides, 
for a distance of “15 mm. behind the fine-pointed tip, 
a narrow and very delicate lamina which readily 
breaks up into a close-set series of minute, pointed 
processes, so that this region of the cheta appears 
to be finely spinous. It is possible that these cheetee 
are really in two rows, an anterior row of about A B 
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TrExt-Fic. 1.—Chete from the first noto- 
podium of the specimen from Scotia Bay. 


(x 200.) 
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ten and a posterior row of about five; but if so, the two rows stand very 


close together. 


(iii) Posterior to the foregoing are tapering, capillary cheetee, which appear to be 
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TEX?-FiG. 2.—A. Furcate cheta 
from 25th parapodium of speci- 
men from Scotia Bay. (x 200.) 

3. Distal end of same cheta, 
( x 1500.) 


of two types, shown in text-fig. 1, C and D. There are about 
forty cheetee of the type shown in fig. C; each of these is 
‘9-1'2 mm. in length and 7-9, in maximum diameter, and 
tapers very gradually to a long fine point; consequently the 
distal portion of the cheeta is very slender. There are fewer 
cheetzee—about five—of the type shown in fig. D. These are 
about ‘5—'6 mm. long, and taper more rapidly than the pre- 
ceding. They are originally laminate near their tips, at any 
rate along one side, but the lamina is exceedingly fine. 

The first neuropodium bears capillary cheete like those 
in the notopodium, and one cheeta similar to that shown in 
text-fig. 1, A, was observed, but there are no stouter, bent 
cheetee like those occurring in the notopodium. 

The cheetee of the second notopodium include repre- 
sentatives of all the four types present in the first noto- 
podium ; there is a single row of eight or nine of the bent 
cheetee. 

The second neuropodium contains capillary cheetee 
similar to those of the first neuropodium, but there are also 
present two of the peculiar furcate cheetee (see below), so 
characteristic of the family Scalibregmide. There are no 
stouter, bent cheetze like those in the notopodium. 

The armature of the third notopodium consists of (1) 
an anterior row of eight or nine curved cheete, similar to 
those of the first two neuropodia ; (2) several furcate cheetee 
standing near the former; (3) a posterior series of capillary 
cheetee of two types, similar to those shown in text-fig. 
1, © 

The third neuropodium bears capillary cheete of the 
usual two types and several furcate cheete. 

In the following segments the capillary chet become 
considerably stouter and longer, attaining a length of 1°7-1°8 
mm. and a diameter of 12—13u, and the differences between 
the two types gradually disappear, so that in most of the 
segments the two types are not distinguishable. 


The furcate cheetz (text-fig. 2) form in both rami of the parapodium, from the 
third onwards, a fan-shaped series situated at the base and in front of the capillary 
cheete. The shaft of each furcate cheeta tapers gradually in its distal portion to the 
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base of the fork. The prongs, which are unequal in length, are usually curved, their 
fine tips pointing away from each other. In the anterior and middle segments the 
prongs are about 504 and 35, in length respectively, and in the posterior segments 
about 40u and 254. Each prong bears along the inner edge of its proximal three- 
fourths a series of regularly-placed pointed processes. Only the fork and a short 
portion of the shaft proximal to it project beyond the lips of the cheetal sac. In the 
middle region of the body there are about eight to twelve furcate cheetze in each of 
the rami of the parapodia. 


SYSTEMATIC POSITION OF THE SPECIMEN FROM Scoria Bay. 


The characters of the prostomium, parapodia, and cheetee, and especially the 
presence of the distinctive furcate chzetee, show clearly that the specimen described 
above belongs to the family Scalibregmide. It is referable to the Scalibreqma- 
section * of the family, for the body is sub-fusiform and the prostomium T-shaped, 
its lateral angles being drawn out to form short tentacular processes. To this section 
of the family belong the following genera :—Scalibregma Rathke, Pseudoscalibregma 
Ashworth, Sclerocheilus Grube, Asclerocheilus Ashworth, and Oncoscolex Schmarda. 

The Scotia Bay specimen differs from Scalibregma in several striking respects, 
e.g. the absence of gills and dorsal cirri, the ventral cirri are much more slender, 
and there are stronger cheetz in the first and second notopodia, whereas such cheetee 
are not present in Scalibregma. Further, Scalibregma rarely possesses eyes.} 

The genus Pseudoscalibregma was suggested by the writer { to contain certain 
little-known, abranchiate worms resembling Scalibregma in general appearance, but 
their real relationship to Scalibregma remains to be ascertained. These worms 
appear to agree in their external features with Scalibregma, except in regard to the 
absence of gills, and so differ from the Scotia Bay specimen in the parapodial and 
cheetal characters mentioned above. 

The. characters of Asclerocheilus are little known, but the single species— 
Asclerocheilus intermedius (=Lipobranchius§ intermedius Saint-Joseph)—treferred 


* See the dlassification suggested by the writer in Quart. Journ. Micr. Scz., vol. xlv (1901), pp. 296, 297. 

+ I have examined about sixty specimens of Scalibregma varying in length from 4 mm. to 56 mm., and including 
five epitokous examples. Eyes are present in only two specimens, both ordinary non-epitokous forms. For one of 
these specimens, which has been in my possession twelve years, I am indebted to Dr E. J. Auuen, F.R.S., who 
collected it near Plymouth ; for the other, collected in 1911 at Cap Levi, near Cherbourg, I have to thank Professor 
FAvvEL, who, on finding that this specimen possessed eyes, kindly sent it to me for examination. Both specimens 
are similar in size, but only one—the Plymouth specimen—is complete; it is 30 mm. in length. In both, the eyes 
are on the right and left sides of the prostomium, and are wide apart, z.e. do not approach each other like those of 
Sclerochetlus. I have stained and cleared the Plymouth specimen, which exhibits on each side two eyes adjacent to 
each other, composed of a series of closely associated simple eyes, which in section are found to be similar in structure 
to those of Sclerocheilus. 

t See Quart. Journ. Micr. Sct., vol. xlv (1901), pp. 291, 292. 

§ The genus Lipobranchius founded by Messrs CunNINGHAM and Ramage to contain the species L. jeffreysia 
(=Eumenia jeffreysii M‘Intosh) cannot well contain also L. intermedius Saint-Joseph, which differs from the former 
in several respects, but especially in the nature of the cheetz of the first and second notopodia. A thorough revision 
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to this genus lacks eyes and neuropodial cirri, and in these respects, as well as in the 
form of the anal cirri, and the cheetz of the first and second notopodia, it differs 
from the Scotia Bay specimen. 

The structure of Oncoscolex is also imperfectly known, but, as represented 
by the type-species O. dicranochetus Schmarda, it differs from the Scotia Bay 
specimen, for in the former the segments are composed of not more than three rings, 
the parapodia do not bear cirri, and stronger cheetze are not present in the first and 
second cheetiferous segments. 

The specimen under consideration cannot, therefore, be referred to any of the 
four genera just discussed, nor do its characters entirely agree with those generally 
accepted for the genus Sclerocheidlus. The differential characters of this genus, as 
represented by the type-species, S. minutus Grube, have been emended and stated 
thus by Satnt-JosEPH * :—Prostomium small, with thick lateral processes and with 
eyes; notopodium and neuropodium of first cheetiferous segment bear capillary 
cheetze and, a little above the neuropodium, five or six large, retractile, curved 
acicula, together with an equal number of slender and shorter acicula; the para- 
podial rami of the other segments bear capillary and furcate cheete ; small neuro- 
podial cirri are borne on the last segments only ; anus surrounded by five or six 
cirri; gills absent. 

I have recently re-examined the series of specimens of S. minutus at my dis- 
posal, and have also, by the courtesy of Professor Ant. Coury, had the privilege of 
examining the entire series of the original specimens collected by GrusBeE, and 
preserved in the Konigliches Zoologisches Museum, Berlin, and am able to modify 
and supplement the characters given above. 


OBSERVATIONS ON SCLEROCHEILUS MINUTUS (GRUBE. 


The prostomium (fig. 7) is drawn out antero-laterally into two stout processes, 
and bears eyes dorsally. The eyes f{ vary in development in different specimens ; in 
some they are comparatively small, and the right and left eyes are separated by a 
distinct interval, but in other specimens they are larger, and in several cases are in 
contact, or are actually fused in front, forming a A-shaped, brown pigmented area. 
Near the posterior margin of these large eyes there is, on one or both sides, a simple 
eye, about 9 in diameter, consisting of a cup-shaped mass of pigment-spherules and 
a spherical lens. This eye is situated below the epidermis, on or in the brain, and 
is therefore not seen except in cleared specimens. 

Between the prostomium and peristomium there is on each side a protrusible 


of the genera Lipobranchius and Hwmenia is required, and the relationship of L. jeffreysti to E. crassa should be re- 
investigated. I have collected considerable material in view of undertaking such revision, but until I have the 
opportunity of examining certain types, which have been imperfectly described, the work is necessarily at a standstill. 
* Ann. Sct. Nat. Zool., vii sér., tome xvii (1894), p. 104 et seq. 
+ For an account of the structure of the eyes, see A. et L. DeHorNE, Arch. Zool. Expér., tome liii (1913), pp. 85-90. 
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nuchal organ, which, when everted, forms a sausage-shaped mass of considerable 
size (see fig. 7). 

The peristomium is a single achzetous ring, incomplete ventrally. 

The first two or three chetiferous segments are usually bi-annulate, but the re- 
maining segments, except a few of those last formed, are subdivided into four rings. 

The stronger, curved cheetee (“acicula” of Sarnt-JosEPH) on each side of the first 


/ 


’ 


A B Cc D 
Trxt-ric. 3,—A, B, C, D. Chete from the first notopodium of a specimen of Sclerocheilus 
minutus, 18°5 mm. long. (x 200.) 


B’, A cheta which had not come into use, from the first notopodium of a 
specimen 11 mm. long. (x 300.) 


cheetiferous segment are undoubtedly part of the armature of the notopodium, and 
form a portion of the anterior series of cheetze. The following is a brief account of 
the chief cheetal characters resulting from a study of specimens 11 to 18°5 mm. long. 
The first notopodium contains three kinds of cheetze :— 
(i) Strong and almost straight cheetz, which taper distally to a fine point 
(text-fig. 3, A). Hach of these cheetee is about ‘5 mm. in length and 15—-20u in maximum 
diameter, and in all the specimens examined only the tips* of these cheete project 


* Not more than about ‘04 mm, 
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beyond the lips of the cheetal sac. There are generally four to six fully formed 
cheetze of this type, and two to five in course of formation, constituting the most 
anterior row of cheetze in the notopodium. 

(ii) Stronger cheete (the ‘“acicula” of Sarnt-JoseeH), which lie in a row close 
behind the cheetee just described. These cheete (text-fig. 3, B), which are about 
‘5—'55 mm. long and attain a diameter of 24—28,, are curved distally, and project con- 
siderably beyond the lips of the cheetal sac (Pl. XX XVII, fig. 8). Each cheeta usually 
presents a blunt tip, but if one of these chzetze be examined before it has come into 
use it is found to be pointed at the tip and to be there enveloped by a flat sheath 
(visible as a delicate lamina on each side of the chzeta), which also runs out into a fine, 
flexible tip (text-fig. 3, B’). When the cheta comes into use, the tip of the sheath is 
worn away; then the lamine break up into minute pointed processes and soon 
disappear, and the tip of the cheeta itself becomes blunted, assuming the form shown 
in text-fig. 3, B. There are usually three to five of these cheetz in use, and two or 
three in course of formation. 

(iii) Capillary cheetee, the maximum diameter of which does not exceed 4m 
(text-fig. 3, C). These taper gradually to fine points. From eight to fifteen fully 
formed cheetze of this type, each about ‘5-55 mm. long, are present, together with a 
few in course of formation. In one specimen the first notopodium of each side bears, 
among the capillary cheetee just described, one or two slightly stouter and shorter 
bristles (text-fig. 3, D) which taper more rapidly at their free ends. These cheetee 
are about °3 mm. long and 5m in diameter. 

The series of stronger cheetee (text-fig. 8, A, B) arise in two closely apposed rows 
near the bottom of the large cheetal sac, while the slender cheetz (C, D) arise more 
dorsally and on the posterior wall of the cheetal sac. The two series of stouter 
cheetee stand well in front of the slender ones. The latter usually point backwards, 
while the strong, curved cheetee (the straight cheete (A) in the anterior row are 
usually scarcely seen on external examination of the specimen) point in a quite 
different direction, either antero-dorsally or latero-dorsally. As the stout and slender 
cheetze are so different in appearance and direction, and are comparatively widely 
separated from each other at their exits from the cheetal sac, it is scarcely surprising 
that the curved cheetee have not been considered to be part of the notopodial 
armature, but have been referred to a region between notopodium and neuropodium, 
the notopodium being regarded as having capillary cheetee only. There can, how- 
ever, be no doubt that the strong cheetee belong to the notopodium. The lip of the 
cheetal sac immediately to the outer side of the curved cheetze is very well developed, 
forming a prominent feature of the first cheetiferous segment (fig. 8). 

The first neuropodium is a simple conical elevation bearing capillary cheete 
only. These appear to be arranged in two rows—an anterior row of about eight or ten 
cheetee similar to that shown in text-fig. 3, D, and a posterior row of thirty or forty 
longer and more slender cheete like that represented in text-fig. 3, C. 
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The armature of the second notopodium and neuropodium is composed of 
two series of capillary cheetze, of about ten and forty respectively, similar to but 
rather longer than those in the first neuropodium. The chetz of the anterior 
row are proportionately longer, and hence there is less difference in length between 
them and the chetz of the posterior row. In several of the specimens examined 
there are in the second notopodium or neuropodium, or in both, two, three, or four 
furcate cheetze, but these are neither so large nor so well formed in regard to their 
prongs as those found in the following segments. They are very fragile, and 
perhaps this explains why they are not seen in preparations of the second parapodium 
in all cases. 

In the notopodium and neuropodium of the third and following segments the 
capillary cheetee are similar to those of the second parapodium, but in addition there 
is an anterior series of furcate cheetz the prongs* of which agree almost exactly 
in size and proportions with those shown in text-fig. 2 (p. 408), but the shafts are 
rather shorter. 

The parapodia of S. minutus are very similar to those of the Scotia Bay 
specimen; the figure of one of the latter (fig. 6) would serve equally well for a 
parapodium from about the 36th segment of S. minutus, except that the latter is 
smaller (about three-fourths the size shown). 

Saint-JosEPH states that behind the 22nd segment the parapodia bear neuro- 
podial cirri, and a similar statement is made by Professor M‘InrosH and by 
M. and Mme. Denorne. I have examined fifteen well-preserved specimens from 
different localities—the Adriatic, Saint-Vaast, Plymouth, and the west coast of 
Ireland—and find that the most anterior neuropodial cirrus is situated on the 25th, 
27th, 29th, or 31st cheetiferous segment in the various specimens. Of five specimens 
from the Adriatic (collected by Gruss) in which the neurocirri are preserved, three 
bear minute cirri on the 25th segment; in the other two the first neurocirri are on 
the 27th segment. Of the four specimens from Saint-Vaast, two have the first 
neurocirrus on the 27th segment, the other two on the 31st segment. The specimen 
from Plymouth presents its first neurocirrus on the 27th segment. Of the five 
specimens from the west coast of Ireland, two have the first neurocirrus on the 29th 
segment, and three on the 31st. In Gruse’s figure f of S. minutus the first neuro- 
cirrus is shown on the 30th chetiferous segment. As GruBE{ remarked, the cirri are 
not respiratory structures, for blood does not enter them. ‘They are purely sensory, 
as the presence upon them of sense-hairs indicates, and are composed of epidermal 
cells surrounding a thin axial strand, formed apparently of nerve fibrils. 

One of the neuropodia examined, from a specimen from Blacksod Bay, Co. Mayo, 


* In a neuropodium from one of the specimens from Blacksod Bay, Co. Mayo, Ireland, there occurs a furcate 
cheta with an additional (third) prong, arising from between the bases of the two normal ones, This prong is shorter 
than either of the normal ones, the lengths being—normal prongs, 45 and 27» respectively ; additional prong, 18u. 

t Arch. f. Naturg., Jahrg. xxix, Bd. i (1863), Taf. v, fig. 3. 

{ 46 Jahresber. Schles. Ges. (1868), 1869, p. 67. 
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Ireland, possessed, in the usual position, two cirri practically equal in length and 
arising close together. 

A small lateral sense-organ is present just ventral to the base of each 
notopodium, 7.e. in a position corresponding to the “Seitenorgan” of Scalibregma, 
and its retractor muscle is usually related to the notopodial musculature. Hach 
sense-organ is (in the larger seements) a convex elevation of the epidermis, about 
50u long and 20,» wide, traversed dorso-ventrally along its middle by the “ hair-field” 
bearing long, delicate sense-hairs.* Between the sense-organ and the neuropodium 
there is invariably an epidermal papilla of considerable size, the cells of which are 
glandular, some of them (“ bacilliparous follicles,” CLaPAREDE) producing curious rod- 
like secretions, usually sinuous in form. 

The number of chetiferous segments in the complete specimens examined 
varies from 44 to 52. 

The anal segment or pygidium bears long cirri, slightly thickened at their 
distal ends (fig. 9). These cirri are solid, like the neurocirri, being composed of 
epidermal cells with an axial strand of connective tissue and nerve-fibrils. There 
is evidently some variation in the number of the anal cirri. Of the six specimens 
with complete anal cirri which I have examined, one has five and each of the others 
four cirri. GRuBE described and figured four cirri in his original account of the 
species; SaintT-JosEPH states that there are five or six; and Professor M‘InrosH 
and M. and Mme. DEHorNE found five in their specimens. 


The Scotia Bay specimen agrees with Sclerocheilus minutus in the form of the 
prostomium and the presence thereon of pigmented eyes, in the division of the 
segments into four annuli, in the general characters of the parapodia and in the 
presence thereon of lateral sense-organs, in the possession by the posterior segments 
of neuropodial cirri, in the presence of anal cirri, and in the absence of gills. The 
stronger, bent cheetee present in the first three notopodia of the Scotia Bay specimen 
are evidently homologous with the much stronger cheete of the first segment of 
S. minutus, and the three other types of cheetee present in the first notopodium of 
the Scotia Bay specimen have their homologues in the corresponding notopodium 
of S. minutus. These agreements in structure show that the Scotia Bay specimen 
is closely related to S. minutus, and should certainly be placed in the genus 
Sclerocheilus as a new species, for which I propose the name S. antarcticus. 


OBSERVATIONS ON SCLEROCHEILUS PACIFICUS J. P. Moore. 


Only two species of Selerocheilus have hitherto been described—namely, 
S. minutus, the chief external characters of which have been already stated, and 
S. pacificus J. P. Moore, 1909, from Monterey Bay, California. By the courtesy of 


* Since this was written the sense-organs have been briefly described by M. and Mme. DenorneE in Arch, Zool, 
Expér., tome liii (1913), p. 72. 
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Dr J. Percy Moors I have been able to examine the co-type of the latter species. 
The specimen is not in good condition, and I cannot add much to the account which 
Dr Moore * has given of the species, but my examination of the specimen leads me 
to the conclusion that it should not be placed in the genus Sclerocheilus. Dr Moorr’s 
specimen differs from Sclerocheilus in the following characters :—(1) the absence of 
stronger chzetz in the first notopodium; (2) the absence of neuropodial cirri; (3) 
the segments are not four-ringed but three-ringed. It is, of course, possible 
that neuropodial cirri were originally present and have been lost, but had they 
been destroyed there would, I think, have been more evidence of damage to the 
parapodia. Further, Dr Moors states that in the larger and better-preserved type- 
specimen there are no neuropodial cirri, and it may therefore be concluded that 
these organs were not present in life. Dr Moorn’s species seems to be much more 
nearly related to the genus Oncoscolex than to Sclerocheilus, for it agrees with 
the former genus in:—(1) the segments from the 5th to about the 30th are tri- 
annulate, those further back (as far as about the 50th?) are bi-annulate; (2) 
the absence of parapodial cirri; and (3) the absence of stronger cheete in the first 
notopodium. So far as I can see, S. pacificus differs from Oncoscolex dicranochetus 
only in the shape of the eyes,{ a difference which is probably of little account. 
Until I have had the opportunity of examining the better-preserved type-specimen, 
I am not prepared to give a final opinion on the systematic position of S. pacificus, 
but the information at present available indicates that the species should not be 
referred to the genus Sclerocheilus, and I believe it will prove to belong to the 
genus Oncoscolex. 


SCLEROCHEILUS C4ICUS SAINT-J OSEPH. 


Samnt-JosEpH § recorded the capture of examples of S. cxcus, but this species was 
never described, the only information given about it being contained in the single 
phrase, “ Sclerocheilus cecus, différant sensiblement du Sclerocheilus minutus Gr.” 
S. cecus is therefore a nomen nudum, but there can be little doubt that the 
specimens referred to were those subsequently described by Saint-JosEPH under the 
name Lipobranchius intermedius.|| 


OBSERVATIONS ON A SPECIMEN OF “‘ HUMENIA OCULATA.” 


The worm recorded by Dr Cu. Gravier {| as Humenia oculata Khlers appeared to 
me to be closely related to the Scotia Bay specimen. Dr Gravier has kindly lent 


* Proc. Acad. Nat. Sct. Philadelphia, 1909, p. 282. 

+ The specimen has 62 chetiferous segments. 

{ Which are approximately round or oval in O. dicranochztus, and irregularly triangular in S. pacificus. 
§ C. R. Acad. Sci. Paris, tome ci (1885), p. 1511. 

|| See above, p. 409. 

J Deuxiéme Exped. Antarct. Frang.: Annélides Polychetes, 1911, p. 112. 
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me his specimen, and I am able to add some details to those given in his short 
account of it. This worm was taken at low water on the east coast of Petermann 
Island (lat. 65° 11’ S., long. 64° 10’ W.), off Graham Land, on 31st October, 1909. 
The specimen is in two portions; the anterior region is moderately well preserved, 
but the posterior portion is very fragile and is no longer intact behind. The worm 
was originally 11 mm. long. Its maximum width is 1°4 mm. 

The prostomium is only partially seen, for both nuchal organs are everted, form- 
ing two lobulated masses which conceal a considerable portion of the prostomium 
(fig. 3). The antero-lateral processes of the prostomium are stout and rounded at 
their tips. The eyes, which are present on the dorsal surface of the prostomium, 
diverge as they pass backwards; they are not in contact at their anterior ends. 

The peristomium consists of a single achzetous ring which is broader ventrally, 
where it is incomplete (fig. 4). 

The first and second chetiferous segments are each bi-annulate, the third 
and fourth show indications of subdivision into four rings, and the fifth and 
following segments, as far as they are still present (i.e. up to the 28th; there 
were originally 34 cheetiferous segments), are clearly four-ringed. The rings are 
subdivided, on the dorsal side at any rate, into quadrangular areas. 

The posterior end is now wanting, but Dr Gravrer states that there were four 
short, slender, anal cirri. 

The contours of the parapodia are not well preserved, but they were evidently 
of similar form to those of the Scotia Bay specimen (cf. fig. 6). Finger-shaped 
neuropodial cirri are present in the 21st * and following cheetiferous segments. 

There are no gills. 

The specimen is not sufficiently well preserved to have retained its lateral sense- 
organs, and these have, therefore, not been looked for. 

Kach of the first three notopodia bears, in front of the slender, tapering chete, a 
number of stronger, shorter, bent cheetee, which taper much more abruptly at their 
free ends. In the second notopodium, which I excised for examination, there are 
four kinds of cheetee practically identical in form with those described from the Scotia 
Bay specimen (see pp. 411, 412). The chete from Dr Gravier’s specimen are, 
however, smaller, being about two-thirds the length and thickness of those of the 
Scotia Bay specimen. There are several cheetee like that shown in text-fig. 1, A; 
these are about ‘35 mm. in length and 6 in greatest diameter. Nine stronger, bent 
cheetee (text-fig. 4) are present; these are about ‘45 mm. long and 9” in maximum 
diameter. The longer capillary cheetee (cf. text-fig. 1, C), of which there are about 
thirty, are approximately ‘8 mm. in length and 6, in greatest diameter ; among these 
are several shorter capillary cheetee (cf. text-fig. 1, D) about ‘5 mm. long. I have not 
thought it necessary to figure all these types of cheetz, but a figure of one of the 


* Assuming, as is apparently the case, that there are no segments missing between the anterior and posterior 
portions into which the specimen is now divided. 
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bent chzetz is given to show that it is practically identical with those of the Scotia 


Bay specimen (cf. text-fig. 1, B, p. 407, and text-fig. 4). 


The first neuropodium bears capillary cheetee of the two types shown in text- 
fig. 1,C, D. The third notopodium and neuropodium were not excised for examina- 


tion, but the former contains an anterior row of eight stronger, bent 
cheetze, like those in the first two notopodia. 

The fourth and following parapodia, which do not bear stronger, 
bent cheetze, contain in each ramus capillary cheetze and about half a 
dozen furcate cheetze identical in form and in the dimensions of their 
prongs with those described on p. 408, but their shafts are shorter 
(about “4 mm. long). 

I have recently had the opportunity of examining the type- 
specimen of Humenia oculata Khlers,* which was sent to me from 
the Konigliches Zoologisches Museum, Berlin, through the kindness 
of Professor Ant. CoLtin, and I find that Dr Gravirr’s specimen does 
not agree with the type, for in the latter most of the cheetiferous 
segments are three-ringed, stronger chet are not present in the 
anterior notopodia, and there are no neuropodial cirri. H. oculata 
has been placed by Professor EHLERS ¢ as a synonym of Oncoscolex 
dicranochetus Schmarda, after he had examined the type-specimen 
of the latter. 

Direct comparison of Dr GravierR’s “ Humenia oculata” with the 
specimen collected in Scotia Bay, allowance being made for the dis- 
parity in size and age, shows that they belong to the same species. 
The cheetee of the two specimens exhibit an agreement in structure 
which is particularly striking, and prove that the specimens are 
specifically identical. There are only two slight differences between 
the specimens :—(1) the eyes of the Scotia Bay example are in 
contact, while those of Dr Gravier’s specimen are separate, but a 
similar variation in the grade of development of the eyes is met 
with in different individuals of Sclerocheilus minutus (see p. 410); 
(2) the first neuropodial cirrus is borne on the 19th chetiferous 
segment in the Scotia Bay specimen, and on the 2Ist in Dr 
GRavIER'Ss, but a greater variation is met with in S. minutus, 
where the first neurocirrus may be borne by the 25th, 27th, 29th, 
or 31st cheetiferous segment (see p. 413). A minute comparison 


TExT-FIG. 4.— Bent 
cheta from the 
second notopodium 
of the specimen 
of ‘“Humenia 
oculata.” (x 300.) 
(Cf. text-fig. 1, B, 
p. 407.) 


of the two specimens shows that they are both examples of the same species, 


S. antarcticus, n. sp. 


* Zool. Jahrb., Suppl. v (1901), p. 265. A fuller description of the specimen oe at Tumbes, Chile) was 


given by Peorensoe EaLeErs in Festschr. K. Ges. Wiss. Gottingen, 1901, pp. 181, 182. 


+ Abhandl. K. Ges. Wiss. Gottingen, Math.-Phys. K1., N.F., Bd. iii, No. 1 (1904), p. 51; National Antarctic Hxped., 
Nat. Hist., vol. vi (1912), p. 26 ; Deutsche Stidpolar Raped 1901-1903, Bd. xiii, Zool., v (1913), pp. 537, 538. 
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The only other Scalibregmid with stronger cheetee in the anterior notopodia 
which calls for mention here is that described by Dr AucGEnrr* under the name 
Oncoscolex (Humenia) heterochetus, in which the first three notopodia bear stronger, 
bent cheetee. The description is not as complete as could have been desired, but it 
affords sufficient evidence—the segments are three-ringed, and neuropodial cirri and 
eyes are absent (or at any rate not mentioned)—to indicate that this worm is not, in 
spite of its stronger cheetee, a Sclerocheilus. 


The foregoing considerations show that the genus Sclerocheilus is represented by 
only two valid species—S. minutus Grube and the new species, S. antarcticus, 
described in the present communication. The diagnosis of the genus Sclerocheilus, 
as given by GRUBE, and emended by Sainv-JosEPH, requires some further emenda- 
tion on the addition of the new species here described. The diagnosis | may be given 
as follows :— 


Sclerocheilus { Grube, 1863, emend. Ashworth. 


Grose, Arch. f. Naturg., Jahrg. xxix, Bd. i (1863), p. 50. 
Sarnt-JosepyH, Ann. Sci, Nat. Zool., sér. 7, tome xvii (1894), p. 103. 


Abranchiate sub-fusiform Scalibregmide ; the prostomium is drawn out into two 
blunt antero-lateral tentacular processes, and bears, dorsally, eyes which are either 
separate or are united to form a A-shaped pigmented area; the peristomium is a 
single achzetous ring; the cheetiferous segments (except the first two or three and a 
few of the most posterior) are subdivided into four annuli; the two rami of the 
parapodia are similar in form, and are simple oval elevations arising, in most of the 
segments, from a glandular raised area of the integument; stronger, bent cheetz are 
always present in the first notopodium (in S. antarcticus they are present also in the 
second and third notopodia), but not in the neuropodium; in the 8rd and all 
succeeding chzetiferous segments each ramus of the parapodium bears slender 
capillary cheetze and, anterior to these, furcate cheetee ; the segments of the posterior 
region possess conical or digitiform neuropodial cirri, and the anal segment or 
pygidium carries four or five (or six) digitiform anal cirri; a small lateral sense- 
organ (often recognisable only in thin sections) is present on each parapodium 
between the notopodium and neuropodium, but nearer the base of the former. 

Type species, S. minutus Grube. 


* Bull. Mus. Comp. Zool. Harvard, vol. xliii (1906), p. 159. 

+ The external features only are considered ; there is not sufficient material of S. antarcticus to enable me to 
furnish a description of the internal organs, or to state if any of these may be employed as generic characters. 

{ ondnpés, hard ; xe?dos, lip. A name derived from the same roots, but spelt slightly differently—=Sclerochilus— 
was employed soon afterwards by G. O. Sars to designate a new genus of Ostracods of the family Cytheride. See 


Forhandl. Vidensk.-Selsk. Christiania (1865), 1866, p. 89. 
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The two known species may be separated thus :— 


1. Stronger chetze present in first notopodium only ; the segment which bears the 
first neuropodial cirrus varies from the 25th to the 31st . S. monutus, p. 419. 

2. Stronger cheete are present in the first, second, and third notopodia, but are 
not so proportionately stout as in menutus ; the first neuropodial cirrus is present on 
the 18th to the 21st segment : . 3S. antarcticus, p. 421. 


Sclerocheilus minutus Grube, 1863. 


Grouse, Arch. f. Naturg., Jahrg. xxix, Bd. i (1863), p. 50; Taf. v, fig. 3 (Lussin piccolo, Crivizza, 
Neresine, all on Lussin Island, Adriatic). 

GruBE, Die Insel Lussin und thre Meeresfauna, Breslau, 1864, p. 85 (Neresine, Crivizza, Cigale). 

Grouse, Abhandl. Schles. Ges., Naturw. Abt. (1868), 1869, pp. 105, 127 (Saint-Vaast), 

GruBgE, 46 Jahresber. Schles. Ges. (1868), 1869, p. 67 (note on cirri). 

AsHwortH, Quart. Journ. Micr. Sci., vol. xlv (1901), pp. 293, 297. 

Denorne, A. et L., Arch. Zool. Expér,, tome liii (1913), p. 61 (Le Portel, near Boulogne). 

M‘Inrosu, Ann. Mag. Nat. Hist., ser. 8, vol. i (1908), pp. 380, 381 (Guernsey, Herm). 

Marine Biol. Assoc., Journ. Mar. Biol. Assoc., N.S., vol. vii (1904), p. 231 (Plymouth). 

Marion et Bopretzky, Ann. Sct. Nat., sér. 6, tome ii (1875), p. 86 (Gulf of Marseilles). 

Marion, Ann. Sci. Nat. Zool., sér. 6, tome viii (1879), Art. No. 7, p. 5 (off Marseilles). 

Pruvot, Arch. Zool. Expér., sér. 3, tome iii (1895), p. 643 (Banyuls); op. cit., tome v (1897), p. 16, 
“Catal. des Invertébrés, etc.” (Brittany ; Gulf of Lyons). 

Sarnt-JosEPH, Ann. Sci. Nat. Zool., sér. 7, tome xvii (1894), p. 103 (Dinard and Saint-Malo) ; op. cit., 
sér. 8, tome v (1898), p. 213 (Saint-Vaast) ; op. ctt., tome x (1899), p. 164 (Paimpol) ; op. cit., 
sér. 9, tome iii (1906), pp. 147, 230 (Cannes). 


A Sclerocheilus bearing in the first notopodium—(1) stout but straight, tapering 
cheetee ; (2) very strong chetze curved at their tips; (3) slender capillary chetee. 
Stout chzetz are not present in any of the succeeding notopodia or in the neuropodia, 
the armature of which consists only of slender, capillary cheetee and furcate chete. 
Neuropodial cirri appear about the 27th segment (rarely anterior to this, and in 
some specimens not until the 31st segment), and are present in all the succeeding 
cheetiferous segments (except in one or two of the last formed). 

HistoricaL Account.—S. minutus was described by GruBE from specimens 
collected by him on the shores of the island of Lussin, in the Adriatic. He, however, 
mistook the dorsal for the ventral surface. The generic name is based on another 
misconception, for the two dark plates described by Gruse (“subtus ad os laminis 2 
nigris corneis tricuspidibus armatus”) as horny and on the ventral side of the head- 
lobe are the eyes which are situated on the dorsal side of the prostomium. The rest 
of the description and the figures are admirably clear, and the species was so well 
defined by GruBE that subsequent workers have had no difficulty in recognising it 
when it came into their hands. Grvuse also, with his usual insight, recognised the 
close affinity of his new genus with Scalibregma. 


ee te 
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The late Baron pE Saint-JOSEPH revised and extended the description given by 
GrRuBE, and added observations on some of the internal organs, e.g. the alimentary 
canal, nephridia, and reproductive organs. Quite recently M. and Mme. Denorne 
have given an account of the morphology of this species, dealing especially with the 
nervous system, eyes, and nephridia, with a discussion of the nature of the funnels of 
the latter. The other authors cited have either simply recorded the capture of 
specimens or have briefly referred to their external features. (For an account of 
the external features see pp. 410-414.) 

Bronomics.—S. minutus lives in shallow water, and has been obtained either by 
shore-collecting between tide-marks or by dredging. The greatest depth from which 
it is recorded is 33-35 fathoms (at Cigale ; Grupx, 1864). 

This worm has been frequently found between the lamellz of old oyster-shells, 
and SaInt-JOSEPH suggested that the strong cheetz of the first segment served to 
excavate a shelter for the worm between the lamelle. On emerging from its retreat 
S. manutus swims in the water by means of rapid wriggling movements, but soon falls 
to the bottom and lies on its dorsal surface with the anterior and posterior ends 
raised and the intervening portion curved. The worm probably feeds on mud and 
fine débris. 

CoLtour.—S. maiutus is usually reddish brown in colour, but may be a uniform dull 
brick-red (M‘Inrosu). A female specimen full of eggs was greyish white (DEHORNE). 

Size.—This species has not been found to exceed 20 mm., and most specimens 
are from 7 mm. to 15 mm. in length. The largest specimens seen by the writer are 
18°5 mm. long; the smallest is one 2‘°2 mm. long, taken on the surface of the sea off 
Sark, and kindly lent to me by Professor M‘Iyrosu. 

DistriputTion.—I have examined specimens from most of the localities from 
which S. minutus has already been recorded—Lussin Island (Adriatic), Plymouth, 
Guernsey, Herm, Dinard, and Saint-Vaast. 

Two additional localities may be given here. There are, in the Kénigliches 
Zoologisches Museum, Berlin, several specimens collected by GRuBE on the shores of 
Lesina, an island about one hundred and thirty miles south of Lussin. Through the 
kindness of Dr R. F. ScoHarrr and Mr R. SourHeErn, I have examined a collection of 
Scalibregmidze from the west coast of Ireland, in which there are specimens of 
S. minutus from Blacksod Bay and Clew Bay, Co. Mayo. These are the first recorded 
Irish specimens, and they extend the area of distribution of the species north and 
west of its previously known range. 

The range of distribution may be stated thus :—S. minutus occurs on the west 
coast of Ireland, in the English Channel,* along the south coast of France, and on the 
eastern coast of the Adriatic. 

Type-specimens in Kénigliches Zoologisches Museum, Berlin. 


* It will be observed that there is no record of the species from any point in the North Sea. 
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Sclerocheilus antarcticus, n. sp. 


(Synonym: Humenia oculata Gravier nec Ehlers.) 
Eumenia oculata. Gravier, Deuaiéme Expéd. Antarct. Franc.: Annélides Polychetes, 1911, p. 112. 


A Sclerocheilus bearing stronger, bent chet in the first, second, and third noto- 
podia, but these are not so proportionately stout as in S. minutus. Stouter, bent 
cheetee are not present in the succeeding notopodia or in the neuropodia, the arma- 
ture of which consists only of slender capillary chet and fureate cheete. Neuro- 
podial cirri are present on all the segments (except one or two of the last formed) 
from about the 18th or 21st. 

Only two specimens are known. One, the type-specimen, 19 mm. long, dredged 
in 10 fathoms in Scotia Bay, South Orkneys (see p. 405); the other, the para-type, 
11 mm. long, collected at low water on the east coast of Petermann Island, off Graham 
Land (see p. 415). 

Type-specimen in Scottish Oceanographical Laboratory, Edinburgh. 

Para-type in Muséum (Histoire Naturelle, Paris. 


Selerocheilus cecus Saint-J oseph is a nomen nudum (see p. 415), and S. pacrficus 
Moore is apparently not a Sclerocheilus, but should be referred to the genus Oncoscolex 
(see p. 414). 


Addendum (June 21, 1915).—While this paper has been lying in type Mr 
SOUTHERN has recorded the specimens of Sclerocheilus minutus from Blacksod Bay 
and Clew Bay, mentioned on the opposite page, in Proc. R. Irish Acad., vol. xxxi, 
Clare Island Survey, pt. xlvii (1914), p. 187. Prof. M‘Inrosu has given a general 
account of S. minutus in his Monograph of British Annelids, vol. iii, pt. i (1915), 
p. 42. Dr E. J. Aven, in a list of the Polycheta of Plymouth (Journ. Marine 
Biol. Assoc., N.S., vol. x (1915), p. 640), states that S. minutus was formerly 
frequently taken near Plymouth, but it has not been found during the last two 
or three years in spite of special search. 


[June 22,1915. Note by General Secretary.—The proofs of this paper and of 
the accompanying plate were passed by the author on June 1, 1914; but owing to 
the war and the unavoidable delay in obtaining delivery of the copies of the plate 
from abroad, the paper could not be sent to press until to-day. | 
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DESCRIPTION OF FIGURES. 


List of Reference Letters. 


An. C. Anal cirrus. Nor.! First notopodium. 

E. Eye. Nor.*® Fortieth notopodium. 

Mo. Mouth. Nuc. O. Nuchal organ. 

Nevr.! First neuropodium. Per. Peristomium. 

Nevr.*®® Thirty-ninth neuropodium. Pr. Prostomium. 

Neur. C. Neuropodial cirrus. 8.0. Lateral sense-organ. 

Nor. Notopodium. Tent. Tentacular process of prostomium. 


Fig. 1. Sclerocheilus antarcticus, n. sp. Type-specimen from Scotia Bay, South Orkneys. Dorsal aspect 
of prostomium, peristomium, and first four cheetiferous segments. The prostomium is retracted into and 
partially hidden by the peristomium. For further description see pp. 405, 406. (x 25.) 

Fig. 2. Ventral aspect of same specimen. (x 25.) 

Fig. 3. Sclerocheilus antarcticus, nu. sp. Vara-type (= “‘ Humenza oculata” of Dr Gravigr) from Petermann 
Island. Dorsal aspect of prostomium, peristomium, and first four cheetiferous segments. Note the two 
everted nuchal organs. For further description see p. 416. (x 35.) 

Fig. 4. Ventral aspect of same specimen. ( x 35.) 

Fig. 5. Sclerocheilus antarcticus, 1. sp. Type-specimen. Ventral aspect of the 39th—43rd chetiferous 
segments and the anal segment. Neuropodial cirri were probably originally present on the 41st and 42nd 
chetiferous segments, but have been lost therefrom. The anal cirri are also reduced in number, only one 
remaining. For further description see p. 406. (x 30.) 

Fig. 6. Sclevocheilus antarcticus, n. sp. The 24th parapodium of the type-specimen, posterior aspect. 
Immediately ventral to the notopodium is the papilla bearing the lateral sense-organ ; ventral to this is a 
much larger papilla the epidermis of which is glandular. For further description see pp. 406, 407. (x 30.) 

Fig. 7. Sclerocheilus minutus Grube. Specimen 13°5 mm. long, from Plymouth. Dorsal aspect of 
prostomium, peristomium, and first two chetiferous segments. The right and left nuchal organs are everted. 
For further description see pp. 410, 411. (x 35.) 

Fig. 8. Selerocheilus minutus Grube. Specimen 18°5 mm. long, from Plymouth. Lateral (somewhat 
ventro-lateral) aspect of peristomium and first chetiferous segment. (x 40.) 

Fig. 9. Sclerocheilus minutus Grube. Specimen 10 mm. long, from Saint-Vaast. Ventral aspect of 
posterior end, showing two chetiferous segments, another segment recently formed and as yet achetous, and 
the anal segment with four cirri. (x 80.) 
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XV.—Atlantic Sponges collected by the Scottish National Antarctic Expedition. 
By Jane Stephens, B.Sc. Communicated by Dr W. 8. Bruce. 


(MS. received March 22,1914. Read June 15, 1914. Issued separately May 5, 1915.) 


(Plates XXXVIII-XL.) 


The sponges in the following report were collected in the North and South 
Atlantic during the Scotia’s voyages to and from the Antarctic regions in the years 
1902-1904. 

All the sponges in the collection were obtained off the south-west coast of Cape 
Colony, with the exception of five well-known species which were taken off St 
Helena, the Cape Verde Islands, and the Princesse Alice Bank. Only one specimen 
was dredged in deep water, namely, in 350 fathoms off the Princesse Alice Bank, 
while the remainder were taken between tide-marks to a depth of 30 fathoms. 

The collection contains thirty-five species, of which fifteen are described as new. 

To complete the list of sponges obtained by the Scotva in Atlantic waters, mention 
may be made here of one species which is not contained in this report. This species, 
Cladorhiza thomsom, dredged in deep water between Gough Island and the Cape 
of Good Hope, has been described by Professor. Topsunt (24 and 25). It was taken 
at Station 468, 39° 48’ 8., 2° 33’ E., depth 2770 fathoms. 

The five species above referred to, Leucandra crambessa, Aphrocallistes beatria, 
Tethya lyncurium, Chondrosia plebeya and Chondrosia reniformis, call for no special 
remark. They have all been previously obtained in, or fairly near, the areas for 
which they are here recorded. 

With regard to the South African specimens, the collecting was confined to a 
short stretch of coast-line from False Bay to Saldanha Bay. The South African 
collection, as a whole, is characterised by the comparatively large size of the 
specimens, by the scarcity of small encrusting species, by the almost complete absence 
of calcareous sponges, and, consequently, by the rather small variety of species for 
the number of specimens obtained. These are, however, features usually observed 
in a collection of sponges which form part of a general gathering of animals obtained 
in such a limited period of time as that which was at the disposal of the workers on 
board the Scotza when, on her return voyage from the Antarctic, she paid a short 
visit to South African waters. 

Apart from the general characteristics of the collection thus touched upon, a 
noteworthy feature is the all but complete absence of horny sponges, a group one 
would have expected to find fairly well represented in a shallow-water collection 
from this region. The only horny sponge present is a small fragment, too incomplete 
to identify, consisting as it does merely of macerated fibres. 


Many of the sponges living between tide-marks were quite unattached to any 
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support ; this feature, as well as the large size of the specimens, showing the extremely 
sheltered nature of the bays in which they were found. 

Since Esper described some sponges from the Cape of Good Hope more than one 
hundred years ago, a few species have been noted from time to time from the district, 
chiefly by Carter, VosMaER, RipLEy and Drnpy, and more recently, by Barr. The 
following species in the collection are known only from this locality :—Mycale semoms 
(Ridley and Dendy), Homaodictya elastica (Vosmaer), Myxilla simplex (Baer), 
Clathria lobata Vosmaer, and Siphonochalina tubulosa (Esper). 

With regard to the geographical distribution of the remaining species in the 
collection, two of them, Spirastrella purpurea and Halichondmia panicea, have 
practically a world-wide distribution. Hymedesnia baculifera has been recorded from 
the coast of Algeria, off the Azores, and off the Farées and Iceland; while the remain- 
ing species, Chona lobata, Hymeniacidon caruncula, Pocillon hyndmam, Remera 
cinerea and Halisarca dwardim, have long been known from the Huropean coasts 
of the Atlantic. Some of them have a fairly wide distribution, and their known 
geographical range has been extended southwards in the Atlantic by their discovery 
off the south-west coast of Africa. The gathering at the jetty at Cape Town Docks, 
in particular, as far as the sponges and hydroids are concerned, might have been 
taken, for example, at any suitable spot along the Irish coast, consisting as it does 
of specimens of Remera conerea and Halichondria panicea, the latter being over- 
grown by the hydroids Plumularia setacea, P. echinulata, and P. pinnata. On the 
other hand, the sponges of the western and eastern coasts of South Africa have 
apparently little in common. The most complete account of South African sponges 
is contained in Mr KirKparricx’s report on the Gilchrist Collection (10). Forty-five 
species are enumerated in this report. All but two, which were dredged in 
False Bay, were obtained off Natal and off the south-east and south coasts of 
Cape Colony. There is not a single species in this collection which is repre- 
sented among the Scotva sponges, and only five genera are common to the two 
collections. At the same time it must be remembered that the Gilchrist sponges 
were taken, as a rule, in deeper water than were the Scotea specimens, and that 
among them are several species previously obtained in the Atlantic, which are 
not found in the present collection. 

Two of the species obtained by the Scotia, Spirastrella purpurea and 
Halichondria panicea, have been recorded, the former from Port Elizabeth and 
Mozambique, and the latter from Zanzibar, but these two species, as already 
mentioned, have an almost world-wide distribution. In addition to these, a few 
other widely distributed species, not represented in this collection, have been 
recorded from both the west and east coasts of Africa. On the whole, there 
does not seem to be a close agreement between the sponges of the Atlantic 
and Indian Ocean coasts of South Africa, but too little is known as yet to allow 
of a detailed comparison between these two areas. 
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The following list gives the species in the collection in their systematic 
order :— 


CALCAREA. 
HETEROCGLA. 
Family GRANTIIDA. 


Leucandra pumila (Bowerbank). 
Leucandra crambessa Haeckel. 


NON-CALCAREA. 
Order HEX ACTINELLIDA. 
Sub-order HEXASTROPHORA. 
Family APHROCALLISTID. 


Aphrocallistes beatrix Gray. 


Order TETRAXONIDA 

Grade Tetractinellida. 

Sub-order ASTROPHORA 
Family GEopIID2. 


Geodia littoralis n. sp. 
Geodia libera n. sp. 


Grade Monaxonellida. 
Sub-order HADROMERINA. 
Family TErHyIp&. 


Tethya lyncurium (Linn.). 


Family CLionip &. 


Cliona lobata Hancock. 


Family SPIRASTRELLID &. 


Spirastrella purpurea (Lamarck). 


Family PoLyMastipD&. 


Polymastia littoralis n. sp. 
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Family CHonDROSIID&. 


Chondrosia reniformis Nardo. 
Chondrosia plebeja Schmidt. 


Sub-order HALICHONDRINA. 
Family AXINELLIDA. 


Hymeniacidon caruncula Bowerbank. 
Leucophleus styliferus n. sp. 


Family PacrLoscLerip#. 
Sub-family ECTYONINA. 


Hymedesmia baculifera (Topsent). 
Hymedesmia parva n. sp. 
Microciona similis n. sp. 
Microciona tenurs n. sp. 

Pocillon hyndmani (Bowerbank). 
Clathria lobata Vosmaer. 

Clathria rhaphidotoxa n. sp. 


Sub-family MyXILLIN&. 


Myzxilla simplex (Baer). 
Tedania scott n. sp. 


Sub-family MYCALIN A. 


Mycale simonis (Ridley and Dendy). 
Mycale sp. 

Esperiopsis informis n. sp. 
Homaodictya compressa (Esper). 
Homaodictya elastica (Vosmaer). 
Homeodictya multiformis n. sp. 
Homaodictya alata n. sp. 


Family HaPLoscLerip&. 


Siphonochalina tubulosa (Esper). 
Siphonochalina anonyma n. sp. 

- Pachychalina hospitalis n. sp. 
Halichondria panicea (Pallas). 
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Reniera cinerea (Grant). 
Remera saldanhzx n. sp. 
Remera sp. 
Remera sp. 


Order MY XOSPONGIDA. 
Family HaLisaRcip&. 


Halsarca dujardim Johnston. 


The stations at which the sponges were obtained are as follows, together with 
a list of the species taken at each station :— 
Station 24. Porto Grande, St Vincent, Cape Verde Islands, shore, N.E. 
lst December 1902. 
Leucandra crambessa Haeckel. 
Tethya lyncuriwm (Linn. _). 
Chondrosia rentformis Nardo. 


Station 478. Table Bay, shore. May 1904. 
Geodia libera n. sp. 
Myxilla simplea (Baer). 
Esperiopsis informas n. sp. 
Siphonochalina tubulosa (Esper). 


Station 479. False Bay, shore. 6th May 1904. 
Hymenacidon caruncula Bowerbank. 


Coaling jetty at Cape Town Docks. 14th May 1904. 
Halichondria panicea (Pallas). 
Reniera cinerea (Grant). 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 
Geodia littoralis n. sp. 
Geodia libera n. sp. 
Spirastrella purpurea (Lamarck). 
Polymastia littoralis un. sp. 
Hymemacidon caruncula Bowerbank. 
Leucophleus styliferus n. sp. 
Hymedesmia baculifera (Topsent) 
Hymedesnua parva n. sp. 
Microciona similis n. sp. 
Microciona tenuis n. sp. 
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Pachychalina hospitalis n. sp. 
Remera sp. 


Station 482 (cont.). Saldanha Bay, 5 fathoms. 20th May 1904. 
Homeodictya multiformas n. sp. 
Stphonochalina tubulosa (Esper). 


Station 482 (cont.). Reit’s Bay, Saldanha Bay, shore. 21st May 1904. 
Hymeniacidon caruncula Bowerbank. 
Leucophleus styliferus n. sp. 

Myzxilla simplex (Baer). 
Homeodictya multiformis n. sp. 
Homeodictya alata n. sp. 
Stiphonochalina tubulosa (Esper). 
Halichondria panacea (Pallas). 
Remera cinerea (Grant). 
Remera saldanhez n. sp. 
Remera sp. 

Halisarca dujardina Johnston. 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. 
Leucandra pumila (Bowerbank). 
Cliona lobata Hancock. 
Leucophleus styliferus n. sp. 
Pocillon hyndmani (Bowerbank). 
Clathria lobata Vosmaer.: 

Clathria rhaphidotoxa n. sp. 
Myzxilla simplex (Baer). 

Tedama scotrx n. sp. 

Mycale simonis (Ridley and Dendy). 
Mycale sp. 

Esperiopsis informis n. sp. 
Homeodictya compressa (Esper). 
Homeodictya elastica (Vosmaer). 
Homeodictya multiformes n. sp. 
Homeodictya alata n. sp. 
Stphonochalina tubulosa (Esper). 
Siphonochalina anonyma n. sp. 
Halichondria panicea (Pallas). 
Renera saldanhe n. sp. 
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Station 499. St James’s Bay, St Helena, 15° 57’ S., 5° 40’ W., 30 fathoms. 
2nd June 1904. 
Chondrosia plebeja Schmidt. 


Station 542. Princesse Alice Bank, 37° 56’ N., 29° 11’ W., 350 fathoms. 


4th July 1904. 
Aphrocallistes beatrix Gray. 


I have to thank Professor VosMaER and Dr C. Zrmmer for their valuable gifts 
of fragments of several type-specimens, and Mr R. KirxKparrick, of the British 
Museum, for his kindness in allowing me every facility for studying specimens 
under his care. I wish also to acknowledge my great indebtedness to Miss Hiteen H. 
Barnes for the care with which she made the drawings for this paper. 


CALCAREA. 
HETEROCGLA. 


Family GRANTIIDA. 
Leucandra pumila (Bowerbank). 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. One 
specimen. 

The only specimen of this species in the collection is growing on a hydroid 
colony. It is 11 mm. in height and agrees very well with HancKet’s description (8), 
except that it possesses numerous small, bayonet-headed monaxons in the dermis, 
a form of spicule not mentioned in the early accounts of the species. Small monaxon 
spicules, which sometimes vary very much in numbers in different specimens of the 
same species, were often overlooked by the early workers at the Calcarea. It seems 
possible, therefore, that a careful examination of the type-specimen of this species 
would result in the discovery of their presence, although I was unable to find them 
in a section of the type in the British Museum. Or, as Dendy and Row (Proc. Zool. 
Soc. London, 1913, p. 715) suggest, it may be that some individuals of a species 
possess them, while others do not. Otherwise the Scotva specimen agrees exactly 
with the type as regards the size and character of the spicules. The small, bayonet- 
headed monaxons are 0°055—0'075 mm. in length by about 0°0025 mm. 

This species, which appears to have a wide geographical distribution, has been 
already recorded for South Africa (8). 


Leucandra crambessa Haeckel. 


Station 24. Porto Grande, St Vincent, Cape Verde Islands, shore, N.E. 1st 
December 1902. 
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Several specimens were obtained, growing on sea-weed, which agree exactly, both 
in external appearance and in the structure of the skeleton, with HaEcKEL’s description 
(8) of this species. Although six species of Lewcandra were found in the collection 
of calcareous sponges made within recent years off the Cape Verde Islands (18), 
L. crambessa was not among them. This species, though long known only from the 
Mediterranean, has, however, already been found outside that area, BREITFUSS having 
recorded it for the west coast of Portugal (Zool. Jahrb. Syst., xi. 1898). 


NON-CALCAREA. 


Order HEXACTINELLIDA. 
Sub-order HEXASTROPHORA. 
Family APHROCALLISTIDZ. 


Aphrocallistes beatrix Gray. 


Station 542. Princesse Alice Bank, 37° 56’ N., 29° 11’ W., 350 fathoms. 
4th July 1904. 

The collection contains five small pieces of this well-known species, which has 
frequently been dredged in the neighbourhood of the Azores and in other parts of 
the Atlantic. The two largest pieces are, respectively, 90 and 120 mm. in length. 
They are of the characteristic shape, with radial, thimble-like diverticula. The 
Atlantic specimens of this widely distributed species have usually been recorded 
under the name of Aphrocallistes bocagei Wright, a name now regarded by ScHULZE 
(17) as a synonym of Aphrocallistes beatrix Gray. 

Mstribution.—North and South Atlantic, and Indian and Pacific Oceans, from 
about 77 fathoms to 1075 fathoms. 

With the exception of Aphrocallistes beatriz, no Hexactinellid sponges are in the 
collection, but a small, sponge-like mass, dredged in 25 fathoms at the entrance to 
Saldanha Bay, proved to be made up of numerous long diacts of Hexactinellida 
matted together. Among the diacts, in addition to a quantity of fine mud, were 
entangled hexacts, oxyhexasters, and other Hexactinellid spicules, as well as styl, 
chelez, and sigmata of Monaxonellid sponges. 

TopsEent (23) has noted similar accumulations of Hexactinellid spicules, which 
were found among the sponges of the Frangas Antarctic Expedition, and which, 
he suggests, may be due to the action of currents. The spicules belonged to 
species of Rossella. These accumulations of Rossella spicules were obtained in much 
shallower water than were the living representatives of the Rossellidx which had 
previously been dredged by the Belgica in the same region. 
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Order TETRAXONIDA. 
Grade Tetractinellida. 
Sub-order ASTROPHORA. 
Family GEopIDz. 
Geodia littoralis n. sp. (Plate XX XVIII, fig. 5; Plate XL, fig. 1.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. Three 
specimens. 

Sponge more or less rounded in outline, but very irregular. Two of the 
specimens are complete, except that in places their surface is mmjured. Hach has 
a thick, finger-like projection from one end. 

The specimens grew apparently quite free, as there is no sign that they were 
attached at any point. ‘The largest measures 13°5 cm. by about 8°5 em., and is 
about 4°5 cm. thick. Another is 10°2 em. in length by 10 em., and is about 5 cm. 
thick. The third specimen is broken. It is 6°5 cm. in its greater diameter. 

The surface is strongly hispid in places. 

The colour in spirit is pale yellow throughout the whole sponge. 

The excurrent chones occur in groups, generally in slightly depressed areas ; 
they are similar to the incurrent chones, except for their greater size. Both 
excurrent and incurrent openings are covered by a cribriporal membrane, which is 
echinated by tufts of cortical oxea and anatriznes. The excurrent openings are 
about 0°125—-0°175 mm. in diameter, the incurrent being about 0°025—-0°06 mm. 

The main skeleton consists of radiating bundles of megascleres. The cladi of the 
orthotrizenes are extended beneath the sterrastral layer, which is about 1°2 mm. in 
thickness, but many of the anatrizsnes and mesoprotriznes pierce the layer of 
sterrasters and project for some distance beyond the surface of the sponge. 

Vertical bundles of small oxea occur in the cortex, and among them are minute 
anatriznes. These project slightly and cause the finer hispidation of the surface. 

Spicules.—(1) Orthotrizenes.—The shaft tapers gradually to the rounded 
proximal end. It is about 2°5-3 mm. in length by 0°065-0°09 mm. Cladi 0°25— 
04 mm. in length. (2) Anatrizenes.—Shaft rounded at the proximal end, 4°5-5 mm. 
long by 0°025—0°03 mm. beneath the cladome. Cladi 0°1-0'14 mm. long. Cladome 
about 0°1-0'14 mm. (3) Cortical anatrizenes.——Not very common. Length 0°26- 
0°35 mm. by 0°005 mm. Cladi to about 0°008 mm. in length. (4) Mesoprotrizenes.— 
Shaft generally rounded at the proximal end and produced at the distal end toa 
length of 0°075—-0°13 mm. above the origin of the cladi. Shaft up to about 4°5 mm. 
in length by 0°025-0°035 mm. Cladi 0°05—-0'1 mm. long. (5) Somal oxea.—These 
taper gradually to rather blunt points. Sometimes one end is rounded off. Length 


2°5-3 mm. by 0°05 mm. (6) Cortical oxea.—These taper to rather blunt points. 
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Sometimes one end is rounded off while the other is rather sharply pointed, so that 
the spicule looks like a stylus. Length 0°22-0°3 mm. by 0°005-0°007 mm. (7) 
Sterrasters.—Spheroidal, and slightly flattened, 0°085-0°'1 mm. in diameter. (8) 
Somal strongylospherasters.—These have a comparatively large centrum and 
numerous very short, blunt, knob-like rays. Diameter 0°005-0°007 mm. (9) 
Spherasters, occurring beneath the sterrastral layer, 0°013-0°02 mm. in diameter. 
(10) Choanosomal oxyasters, with usually two to seven rays. The rays are conical, 
sharply pointed, and covered with minute spines, except at the base. The rays are 
0°02—0°032 mm. in length by about 0°005 mm. in thickness at their base. The diameter 
of the whole spicule is 0°045—0°065 mm. Very abundant. 

The arrangement of the excurrent and incurrent openings, the form of the 
megascleres, and the presence of the cortical anatrizenes in this species recall Geodia 
miillert (Fleming). The two species differ especially as regards their microscleres. 
The somal asters of Geodia littorals, with their comparatively large centrum and 
short, knob-lke rays, differ in shape from the corresponding spicules of G. miillerc, 
which are typical chiasters. The spherasters lying immediately beneath the 
sterrastral layer differ in proportions in the two species, and are more clearly marked 
off from the other asters in Geodia littoralis than in G. miillerz. The choanosomal 
asters of the older species are very variable, passing from chiasters to oxyasters, 
with slender, usually fairly numerous rays. They differ altogether in appearance 
and size from the oxyasters of (. lttoralis with thick rays, which are few in number. 
The sterrasters of the new species are slightly larger than those of G. miillerc. 


Geodia libera n. sp. (Plate XXXVIII, fig. 6; Plate XL, fig. 2.) 


Station 478. Table Bay, shore. May 1904. One specimen. 

Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. Four 
specimens. 

The largest specimen, which was collected in Table Bay, is an irregular, nodular 
mass, 20°5 cm. long by 12 em., with a thickness of about 9°5 cm. The remaining 
specimens are much smaller. They are irregularly rounded or oval, and closely 
resemble small, dark-skinned potatoes in appearance. They are about 65 mm., 
57 mm., 31 mm., and 28 mm. in length respectively. One of the small specimens is 
slightly embedded in an Alcyonarian colony, but is nowhere attached to it. The 
_ other specimens, including the largest, are a little injured in places, but show no 
sign of having been fixed to any support. 

The colour in spirit of the largest specimen is dark greyish purple externally, 
and is yellowish internally, while the smaller sponges are a paler purple outside, with 
a pale yellow interior. 

The surface is even, for the most part, but harsh to the touch. In places it is 
strongly hispid. There are no large oscula, nor is there a specially marked oscular 
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area, but the whole sponge is covered by a cribriporal membrane, with pores measur- 
ing about 0°03 mm. in diameter. The main skeleton is formed in the usual way of 
radiating bundles of megascleres, but the dichotrizenes, anatrisenes, and protrizenes 
for the most part pierce the sterrastral layer, although a few lie beneath it. The 
dermal membrane is supported on the cladomes of the dichotrizenes, and is separated 
from the layer of sterrasters by a space about 0'2-0'°3 mm. in width. In places 
the anatrizenes and protrienes project some distance beyond the surface of the 
sponge. The cortical oxea and minute cortical anatrieenes project slightly, and 
cause the finer hispidation of the surface. 

The sterrastral layer varies in thickness in the different specimens from about 
055mm. tolmm. Large subdermal cavities occur between the dermal membrane, 
which is crowded with minute strongylospherasters, and the sterrastral layer. 

Numerous pigment cells, brownish in colour, are found between the dermal 
membrane and the sterrastral layer. 

Spicules.—(1) Dichotrisenes.—Shaft tapering gradually to the rounded proximal 
end, and measuring 2°5-3 mm. in length by 0°07-0'1 mm. beneath the cladome. 
Protocladi 0°1 mm. by 0°05-0':06 mm. Deuterocladi 0°175-0°25 mm. in length. 
Cladome about 0°6 mm. (2) Anatrizenes.—Shaft up to 3°5 mm. in length by 0°012- 
0°015 mm. under the cladome, rounded at the proximal end. Cladi 0°03—0°06 
mm. Chord about 0°07 mm. (8) Cortical anatrieenes.—Length 0°3-0'4 mm. by 
0°0025-0'004 mm. Sometimes rounded at the proximal end. Cladi up to 0°008 
mm. in length. (4) Protriznes.—Shaft 2°5-3 mm. in length by 0°012-0°019 mm., 
rounded at the proximal end. Cladi 0°025-0'°06 mm. (5) Somal oxea.—Length 
2-3 mm. by 0°045—0'06 mm., tapering at each end to a rather blunt point. Some- 
times one, or, more rarely, both ends rounded off. (6) Cortical oxea.—Length 0°25- 
0°3 mm. by 0°005—-0°008 mm., tapering at each end to a blunt point, which is some- 
times rounded off. (7) Sterrasters.—Spheroidal in shape, but somewhat flattened. 
Diameter 0°1-0'12 mm. (8) Somal strongylospherasters.—Diameter 0°005-0'008 
mm. ; very short, cylindrical actines. Extremely abundant in the dermis, but common 
also in the interior of the sponge. (9) Choanosomal spherasters with small centrum, 
passing into oxyasters. Actines 0°005-0'01 mm. in length, the whole aster having 
a diameter of 0°013-0°024 mm. 

This species differs from the majority of Geodva species in having the dichotrizenes 
piercing the sterrastral layer and supporting the dermal membrane on their cladi 
at a certain distance above it. Among the species in which a similar arrangement 
of the dichotrizenes occurs are G. perarmata Carter (2 and 5) and G. peruncinata 
Dendy (5). The Scotia species differs, in particular, from the former in the absence 
of a definite, basin-shaped, oscular area, and in the presence of minute cortical 
anatriznes, and from the latter in the possession of cortical oxea and of brown 
pigment cells in the outer layer of the cortex. There are, as well, certain differences 
in the character and measurements of the spicules. G. sphxroides (Kieschnick) 
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agrees with the new species in the arrangement of the dichotrizenes and in the 
presence of brown pigment cells in the outer layer of the cortex, but differs from it 
in certain details in the shape and measurements of the spicules. In G. robusta 
Lendenfeld (12), taken in 84 metres off the south coast of Africa, there is a similar 
arrangement of the dichotrizenes, but the size and character of the various kinds of 
spicules are quite different in the two species. 


Grade Monaxonellida. 
Sub-order HADROMERINA. 
Family TeTHyip&. 
Tethya lyncuriwm (Linn.). 


Station 24. Porto Grande, St Vincent, Cape Verde Islands, shore, N.E. 
Ist December 1902. One specimen, 30 mm. in diameter. 


Family CLIonipé. 


Cliona lobata Hancock. 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. 

The specimens obtained are boring in fragments of a balanid shell. They agree 
in every particular with Topsent’s detailed description of the species (20). The 
tylostyli vary in length between 0°16-0'235 mm., with a maximum diameter of 
0°005 mm. ‘The spinispire reach a maximum length of about 0°055 mm. 

The finding of Chona lobata off the western coast of Cape Colony considerably 
extends the known geographical distribution of the species. Hitherto it has only 
been obtained off the western coasts of Kurope, from Great Britain and Denmark 
to France, and off the Mediterranean coast of France. 


Family SprraSTRELLID&. 


Spirastrella purpurea (Lamarck). 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

Among the Atlantic sponges collected by the Scotia are three small pieces 
of this species, as recently defined by Vosmarr (27). They grow over masses 
of Ascidians, Polyzoa, and fragments of shells. Their present greatest thickness is 
about 12 mm., but as they are all incomplete it is impossible to know their original 
size and shape. Here and there the surface remains uninjured. It is even, and, 
under the lens, is seen to be finely hispid. 

The colour in spirit is pale greyish yellow. 
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The skeleton consists internally of a dense reticulation of closely packed 
tylostyli. At the surface, the tylostyli, which are here shorter, are arranged in 
vertical brushes, and their points project slightly beyond the dermis. The 
Spinispire are not present in very great abundance, and do not form a dermal crust. 

The tylostyli have slightly curved shafts and well-rounded heads. They vary 
in length between 0°2 mm. and 0°43 mm., and have a maximum diameter of 
0°015 mm. In shape they are very similar to the stouter tylostyli of the 
specimen of Hymeniacidon angulata Bowerbank, numbered B. M. 21 by VosMaErR 
(27), and figured by him on pl. xiii, but they are, on the whole, fairly thick, 
and their diameter does not often fall below 0°01 mm. The old specimen referred 
to possesses a much greater proportion of more slender megascleres. 

A good many abnormal tylostyli are present, similar to those described and 
figured by Vosmazr (27, p. 58, pl. xiv). 

The spinispire are all slender, and are similar to those figured by VosmMarErR 
(27, pl. xiii, fig. 1). The longest measured reached a length of 0°032 mm. As 
already mentioned, they do not form a superficial crust. 

In attempting to assign to the Scotia specimens a place in one of the seven tropi 
or groups into which VosmarR divides the specimens of Spirastrella purpurea 
examined by him, only the spiculation can be taken into account, as their external 
form is unknown. The specimens placed in tropus tegens and in tropus tuberosa 
have a glabrous surface and possess robust spinispire, therefore the Scotea sponges 
do not belong to either of these groups. Nor do they belong to the pyramidalis 
group, the members of which also have a glabrous surface and often possess robust 
Spinispire. Again, the Scotva specimens do not belong to the digitata group, 
as the specimens placed in it have a superficial crust of spinispire. They agree 
with the specimens placed in the remaining three tropi, tubulifera, concrescens, 
and glebosa, in the absence of a superficial crust of microscleres, and in possessing 
a slightly hispid surface. As these three groups are characterised by the external 
appearance of the specimens placed in them, it is impossible to decide to which 
of them the Scotia specimens most strictly belong. This is, doubtless, the less 
to be regretted as Professor VosMaER has shown so clearly the wonderful variations 
of this species and the way in which one tropus passes into another, so that, 
as he states, some specimens might be placed in one tropus equally as well 
as in another. 

Vosmakr (27, p. 35) gives in full the geographical distribution of the species. 
As regards the distribution in the Atlantic Ocean, the sponge has been taken 
off the north coast of France and off Madeira. It has also been taken in the 
Mediterranean. The finding of specimens off the western coast of South Africa 
thus extends southwards the known distribution of the species in the Atlantic. 
Other specimens of the species have been taken off South Africa, but they were 
taken off the south-eastern and eastern coasts, namely, at Port Elizabeth (S. capensis 
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Carter), and at Mozambique (S. punctulata Ridley). The Scotea specimens come 
much nearer to the Madeira specimens in spiculation than to these, as the 
Port Elizabeth sponge possesses robust spinispire, while the sponge from 
Mozambique possesses a dermal crust of spinispire and a large proportion of 
slender tylostyli. 


Family PoLyMastiip&. 


Polymastia littoralis n. sp. (Plate XX XVIII, fig. 4; Plate XL, fig. 3.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

Several pieces, which are probably parts of the same specimen, are preserved. 
The largest piece measures about 14 cm. by 10 cm. The sponge, which has been 
cut off from its support, is in the form of an encrustation, from 10 to 15 mm, 
in thickness. It possesses a very well-marked cortex about 3 mm. thick, which 
adheres closely to the choanosome. The upper surface of the sponge bears 
numerous papille, which have a maximum diameter of about 4 mm. Among 
these are scattered a few larger papille with a diameter of about 8 to 12 mm. 
The papille are very short and rigid, and are probably in a much contracted state. 
The surface is even and is apparently smooth, but under the lens it is seen to 
be very minutely hispid. 

The colour in spirit is pale greyish yellow. 

The skeleton of the choanosome is formed of thick fibres, consisting of closely 
packed styli. These fibres run vertically from the base of the sponge to the 
cortex. At the base they may be as much as 1 mm. in diameter, but they soon 
divide into finer strands which fan out beneath the cortex. The ends of the fibres 
penetrate into the cortex, but do not project beyond the surface of the sponge. 
Small subtylostyli, similar to those of the outermost layer of the cortex, occur 
in little bundles scattered throughout the choanosome between the main fibres, 
and are found in special abundance immediately below the cortex. 

The cortical skeleton is made up of two layers of spicules. The outermost layer 
consists of closely set vertical brushes of small subtylostyl, the tips of which 
project slightly above the surface of the sponge. Beneath this is a thick, dense 
layer of large tylostyli and subtylostyli, which are placed for the most part vertically 
to the surface, but many of which lie quite irregularly. 

The arrangement of the spicules in the papille is quite similar to that im the 
main body of the sponge. Towards the centre are strong fibres of large styli 
running longitudinally through the papilla, with scattered bundles of small 
subtylostyli lying between them. At the surface are closely set vertical brushes 
of small subtylostyli, and beneath them is a thick layer of densely packed tylostyli 
and subtylostyli. 

Spicules—(1) Large styli of the skeletal fibres.—Shaft fusiform, straight. 
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Length 1-15 mm. by 0°027-0°03 mm. (2) Tylostyli of the main mass of the 
cortex.—These have typically a well-marked, usually trilobed head, but sometimes 
the head is less well developed, so that the spicules become subtylostyli or even 
styli. The shaft is slightly curved and strongly fusiform. The length is 
0°45-0°6 mm., with a maximum thickness of 0°027 mm. (3) Small subtylostyli of 
the dermal brushes and of the bundles scattered through the choanosome.—These 
have a slightly fusiform and slightly curved shaft. Their length is 0°14-0°24 mm. 
by 0°005 mm. 

Polymastia littoralis resembles Polymastia corticata Ridley and Dendy (15) in 
having a thick, dense cortex, but otherwise the species differ. The arrangement of 
the cortical skeleton (except in the papillee) is somewhat similar, but the choanosomal 
skeleton is different, strong well-defined fibres being absent from P. corticata. The 
spicules differ also in shape and measurements. P. corticata is, moreover, a deep-sea 
species, having been taken at various depths up to 1200 fathoms. 

In Polymastia meandria Wilson (28), on the other hand, the spicules, though 
differing in details of measurements, are very similar in shape to those of Polymastia 
littoralis, but the structure of the cortex is different both in the papille and in the 
main body of the sponge, nor is the cortex in P. meandria nearly as thick as that 
of the new species. 

Polymastia was for long considered a typical deep-sea genus, and the Scotia 
specimen is therefore interesting in having been taken between tide-marks. Only 
two or three other species of Polymastia have been so obtained. Even the widely 
spread Polymastia mammullaris has never been recorded between tide-marks, except 
on a few occasions for the coast of Ireland. 


Family CHoNDROSIID&. 


Chondrosia renformes Nardo. 


Station 24. Porto Grande, St Vincent, Cape Verde Islands, shore, N.E. 1st 
December 1902. One specimen. 

Only one specimen was obtained. It is more or less pear-shaped, but rather 
flattened. It is 39 mm. in length. 

The colour in spirit is pale greyish yellow, tinged with brown on the upper 
parts of the sponge. 

The species has apparently a wide geographical range. It has been recorded 
from the Mediterranean and Cattegat ; the Gulf of Aden and off Ceylon; off Amboina, 
Christmas Island, Galapagos Islands, and off the coasts of Australia. 


Chondrosia plebeja Schmidt. 


Station 499. St James’s Bay, St Helena, 15° 57’ S., 5° 40’ W., 30 fathoms. 
2nd June 1904. 
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Several large sponges are in the collection, which agree exactly with this species 
as described by KirKparrick (11) from specimens obtained in the same locality and 
at the same depth as those dredged by the Scotia. Three more or less complete 
specimens and numerous fragments were obtained. The more complete are in the 
form of cup-shaped, or irregular, nodular masses, while some of the pieces have 
evidently been cut from large specimens. The largest piece in the collection is a 
nodular mass, 15°5 em. in length. 

All the specimens are crowded throughout with substances foreign to the sponge, 
chiefly fragments of nullipore and shells. 

The colour in spirit is black at the surface; it is paler in the interior of the 
sponge. 

The distribution of this sponge, as given by KirKparrick (11), is as follows: 
off Algiers; off Porto Santo Island, 60 fathoms; Grand Canary, at low tide; off 
Jamestown, St Helena, 30 fathoms. 


Sub-order HALICHONDRINA. 
Family AXINELLIDA. 


Hymenacdon caruncula Bowerbank. 


Station 479. False Bay, shore. 6th May 1904. One specimen. 

Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. One 
specimen.—Reit’s Bay, Saldanha Bay, shore. 21st May 1904. Fragments. 

Several specimens of this widely distributed species were obtained. They differ 
somewhat in external appearance, but not more so than do specimens of the species 
collected along our own shores, which vary from thin encrustations with even 
surface to large cushion-shaped masses with papillose surface and large, finger- 
like outgrowths. 

The most complete of the South African specimens is more or less oval in outline, 
with a strongly convex upper surface. It is about 12 cm. in length, with a thickness 
of 3 cm. Numerous small oscula, about 1-1°5 mm. in diameter, are slightly raised 
above the general surface. A second specimen is a flat sponge, 10 mm. thick, with 
oscula up to 4 mm. in diameter raised a little above the surface. The specimens 
from Reit’s Bay are fragmentary. They have a papillose surface, with large, finger- 
like outgrowths, on the summit of which are the large oscula. The styli vary 
considerably in length in each individual, but do not show much variation in size 
from one specimen to another. They are 0°15—0°37 mm. or 0°43 mm. in length by 
0°005-0'01 mm. ‘They are thus very slightly thicker than are the styli of Huropean 
specimens of the species, which apparently seldom exceed 0°008 mm. in diameter. 
They are, however, almost identical in size with the styli of a specimen collected off 
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the west coast of Ireland, which are 0°175—0°425 in length and have a maximum 
diameter of 0°009. 

The known distribution of Hymeniacidon caruncula is extended southwards in 
the Atlantic by the discovery of the South African specimens, the species having 
previously been obtained off the Azores and the Cape Verde Islands, as well as along 
the western coasts of Europe from the British Isles to Portugal. 


Leucophleus styliferus n. sp. (Plate XXXVIII, fig. 1; Plate XL, fig. 4.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. Many 
fragments.—Reit’s Bay, Saldanha Bay, shore. 21st May 1904. One specimen.— 
Station 483. Hntrance to Saldanha Bay, 25 fathoms. 21st May 1904. Three 
specimens. 

Nearly all the specimens are more or less broken. They grow in flattened cake- 
like masses, about 10-15 mm. thick, or in irregularly rounded lumps. The largest 
piece measures about 60 mm. in length by 45 mm. 

The texture is firm. The surface is apparently quite smooth, but under the lens 
it is seen to be minutely hispid. 

The oscula average 1 mm. in diameter, and are usually raised a little above the 
general surface of the sponge on ridges or on rounded prominences. 

The pores are grouped in the meshes of the dermal skeleton and usually measure 
between 0°01—0°03 mm. in diameter. 

The specimens closely resemble Halichondria panicea (Pallas) in external 
appearance (at least when spirit specimens of the two species are compared), and 
also in the arrangement of the dermal skeleton and of the pores. 

The colour in spirit of most of the specimens is pale yellow or pale greyish 
yellow, while two or three of them are pale greyish brown. 

The main skeleton consists of an irregular reticulation of rather closely packed 
styli. More or less well-defined fibres, containing multiserially arranged styli, run 
to the surface of the sponge and spread out in a slightly penicillate manner beneath 
the dermis. The tips of some of the spicules pierce the dermis and project a little 
beyond it, causing the minute hispidation of the sponge. 

The dermal skeleton consists of bundles of styli, similar to those of the main 
skeleton, lying tangentially to the surface. These form a very regular reticulation, 
in the meshes of which the pores of the dermal membrane are seen. The dermal 
skeleton is, as already mentioned, exactly similar to that of Halichondria panicea, 
except that here styli are present instead of oxea. In places the spicules are closely 
packed together in sheets and the reticulation is obscured. 

Spicules.—The only spicules present are styli, which sometimes show a tendency 
to become subtylostyli. They are fusiform and have a slightly curved shaft. The 


styli fall into two groups according to their size. The larger make up the chief part 
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of both dermal and main skeleton, and measure 0°37-0°58 mm. in length by 
0°01-0'°015 mm. The smaller occur in the brushes of spicules beneath the dermis, 
and are also found in company with the larger styl throughout the sponge. They 
measure 0°2—0°3 mm. in length by 0°005—0°008 mm. 

The size of the spicules varies but little in the different specimens. 

Leucophleus styliferus resembles in external appearance Leucophleus massalis 
of Carter, who also noted the likeness of his species to Halichondria panicea (4, 
p. 323). It differs from LZ. massalis in possessing only styli, while the spicules of 
CARTER’S species, as seen from a preparation of the type-specimen in the British 
Museum, are largely oxea. The presence of oxea in CARTER’S type-specimen has 
already been noted (F. F. HernanpeEz, in “Notas sobre Algunas Hsponjas de 
Santander,” p. 17, Memoria presentada en la Universidad Central, Madrid, 1912). 

The genus Leucophleus Carter (4) was not defined by its author. It is here 
taken in the sense in which it is understood by Denpy, who gives a definition of the 
genus in his important work on Ceylon sponges (5). 


Family PacILoscLERIDz. 
Sub-family ECTYONINA. 
Hymedesmia baculifera (Topsent). 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

Specimens of a Hymedesmia, growing in thin patches on a small stone, agree 
exactly in the arrangement of the skeleton and in the size and character of the 
spicules with the descriptions given by Topsenr (21 and 22) of this species. They 
also agree closely with LunpBEcK’s description (13) of specimens taken by the 
Ingolf Expedition. 

Several patches of the sponge, the largest about 24 mm. by 15 mm. in extent, 
grow on a small stone, the thicker patches being pale yellowish in colour, the thinner, 
bluish white. The spicules differ very slightly in length in these specimens, and the 
dermal spicules differ as regards their shape exactly as described by Topsmnt for 
the type-specimens from the north coast of Africa. In the thicker patches of the 
sponge the spicules measure as follows :—(1) Acanthostyli, 0°09-0°225 mm. long by 
0°006-0'01 mm. (2) Dermal spicules rounded at one end and sharply pointed at 
the other, or occasionally very slightly swollen at the ends (strongylo- to subtylo- 
tornota), 0°15—0°18 mm. by 0°003 mm. (3) Isochele arcuate, 0°02 mm. in length. 

In the thinner patches the measurements of the spicules are :—(1) Acanthostyli, 
0°07-0'19 mm. long by 0°005-0'009 mm. (2) Dermal spicules (strongylo- to 
subtylota), 0°12-0°15 mm. by 0°0025 mm. (3) Isochele arcuate, 0°02 mm. 
in length. | 

The dermal spicules are sometimes very slightly polytylote, a condition mentioned 
by LunpBEcK as occurring in the corresponding spicules of the northern specimens. 
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The species appears to have a wide geographical and bathymetrical range. It 
has been recorded off La Calle, Algeria (21); off the Azores, 1250 metres (22); and 
it was dredged by the Ingolf at a number of stations in Denmark Strait, off the 
south of Iceland and east of the Farée Islands, at depths varying between 76 and 
691 fathoms (13). Hunrscuet (9) describes a variety of the species for Shark’s Bay, 


South-West Australia, in 6—9 metres. 


Hymedesmia parva n. sp. (Plate XL, fig. 14.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

Sponge forming a very thin encrustation on both inner and outer surfaces of a 
large dead Patella shell. 

The thickness of the sponge is about 0°2 mm. ; the surface is finely hispid. 

The main skeleton consists of acanthostyli, closely crowded together and standing 
vertically with their heads on the substratum. The longer project very slightly 
beyond the surface of the sponge. The dermal skeleton consists of tornota lying 
horizontally to the surface. They occur singly, or sometimes a few lie loosely 
together, but they do not form well-defined bundles. Some of the tornota lie 
horizontally to the surface at different levels through the sponge. 

Spicules.—(1) Acanthostyli, which are divided into two groups.—The longer 
are straight or slightly curved, and taper evenly from the base to a fairly sharp 
point; the head is covered with numerous, fairly strong, blunt spines, and a few 
very small spines are scattered for some distance along the shaft, leaving the upper 
part smooth. These spicules are fairly uniform in size, and measure 0°15—0°2 mm. 
in length by 0°01 mm. The smaller acanthostyli are very similar in shape to the 
above, but are spined along their whole length. They measure 0°075—0'1 mm. by 
0°006—0'008 mm. (2) Tornota.—Very slightly swollen at the ends, which terminate 
in a point; 0°1-0°15 mm. in length by 0°0025 mm. (8) Isochelee arcuatee.—These 
_are abundant throughout the sponge and in the dermal membrane. They are 0°02— 
0°027 mm. in length, with a rather strongly curved shaft about 0°003 mm. in 
diameter. Very small chelz of a similar shape, but only about 0°01-0°015 mm. in 
length, are present in numbers. (4) Sigmata.—These are abundant throughout the 
sponge and in the dermal membrane. They are 0°02-0'035 mm. in length, with a 
maximum thickness of 0°0025 mm. 


Microciona similis n. sp. (Plate XL, fig. 6.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. One 
specimen. 

Sponge forming an encrustation, about 0°45 mm. in thickness, on a small stone. 

The surface is hispid, and the colour in spirit is pale greyish yellow. 

The main skeleton consists of short, unbranched, plumose fibres, about 0°1 mm. 
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in diameter, rising vertically from the base of the sponge to the surface. These are 
placed about 0°1-0°15 mm. apart, and contain a good deal of spongin. The spicules 
in these fibres are chiefly large styli, but towards the surface the columns end in 
vertical brushes of slender dermal styli. These, as well as some of the large styl, 
project beyond the surface of the sponge. Occasionally a large, isolated stylus, with 
head based on the substratum, is seen between the fibres, but usually this space is 
quite free from megascleres. The skeletal styli vary in size according to their 
position in the fibres. The largest have their heads inserted towards the centre of 
the fibre, while the smaller styli are placed externally to them and occur towards 
the base of the fibre. 

The dermal skeleton consists of vertical brushes of slender styl. Similar styli 
also lie horizontally in the dermal membrane between the skeletal fibres, and a few 
are to be seen lying horizontally at the base of the sponge. 

Spicules.—(1) Styli of the main fibres, 0°11—-0°6 mm. in length by 0°01-0°03 mm. 
in thickness. These vary in size according to their position, as already described. 
The largest styli are slightly constricted immediately above the head; the shaft is 
curved and the spicule is quite smooth, or at most, is sometimes extremely minutely 
spined on the head. The smallest styli are of a similar shape, but have a fairly 
strongly spined head and a few small spines scattered along the shaft. They are not 
very numerous. The longest and the shortest styli are not sharply marked off from 
each other, but are connected by a series of styli intermediate in size and in degree of 
spinulation. (2) Dermal styli, slender, with usually a slightly crooked shaft; they 
are very minutely spined on the head, and they vary in length between 0°2—0°45 mm. 
by 0°003-0°005 mm. (3) Isochele palmatee of the usual Microciona type, 0°02 mm. 
in length. (4) Toxa, evenly curved; arms with slightly recurved tips; very 
uniform in size and shape ; 0°06-0'075 mm. in length by 0°002 mm. thick. 

The spicules of this species are somewhat similar in shape to those of Microciona 
atrasanguinea Bowerbank, but their measurements are different. The large styli of 
Microciona similis are twice as thick as those of M. atrasanguinea, while the toxa are — 
only half as long as those in the older species. The smallest styli of M. semilis are 
much larger and less spiny than the corresponding spicules of M. atrasangwinea. 
In section the two species look very different, as in M. atrasanguinea the fibres are 
much larger and thicker than in M. simulis, and contain much more numerous styli. 

In spite of these differences, which lie chiefly in the proportions of the spicules, it 
seems possible that a series of specimens might be obtained, showing intermediate 
characters as regards the size of the spicules and thus bridging over the differences 
between the typical M. atrasanguinea and the South African specimen above 
described. On the other hand, specimens of M. atrasanguinea so far collected at 
different parts of the coasts of the British Isles show very little variation in the size 
of their spicules. For the present, at any rate, the South African sponge must be 
regarded as a distinct species. ; 
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Microciona tenuis n. sp. (Plate XU, fig. 5.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

Sponge forming an encrustation about 0°3 mm. in thickness on the outer and 
inner surfaces of a large dead Patella shell. 

The surface of the sponge is very finely hispid. 

The colour in spirit is pale yellow. 

The main skeleton consists of short, unbranched, plumose fibres, running vertically 
from the base of the sponge to the surface. The fibres are about 0°075 mm. in 
diameter and are set about 0°1 mm. apart. Between them, rather numerous small 
styli, spiny along their whole length, are set vertically with their heads based on the 
substratum. The spicules of the skeletal fibres are styli which vary greatly in 
length and in amount of spinulation according to their position. The largest styh, 
spined only on the head, are inserted towards the centre of the fibre. The shorter 
styli are placed externally to them. They increase in length and decrease in amount 
of spinulation from the base to the summit of the fibres. 

The dermal skeleton consists of slender styli occurring among the terminal 
spicules of the fibres and also lying more or less horizontally in the dermal 
membrane. 

Spicules—(1) Styli of the main fibres, 0°075-0°55 mm. in length by 0°005— 
0018 mm. The longest styli occur at the summit of the fibres. They pierce the 
dermal membrane and cause the chief hispidation of the surface of the sponge. They 
are smooth, except at the head, which is thickly covered with short, blunt spines. 
The shaft is curved and tapers evenly from the base to a sharp point. The smallest 
styli are spined along their whole length; the shaft is straight or very slightly 
curved. These styli occur in greatest numbers at the base of the fibres, and are also 
placed between them. They are about 0°075 mm. in length by 0°005-0°007 mm. 
A series of spicules can be found bridging over the differences between the longest 
and the shortest styli. At the one end, leading from the entirely spined spicules, 
are styli about 0°1-0'125 mm. long, with spines extending along the shaft for about 
three-fourths of its length. Rather longer spicules are spined to about half their 
length, while still longer styli, with only a few spines a little way along their shaft, 
lead on to the largest styli which are only spined on the head. (2) Dermal styli, 
slender, exceedingly finely spined on the head. Shaft usually slightly curved. 
Length 0°14-0°25 mm. by 0°003 mm. These spicules are not very numerous. (3) 
Isochele palmatze scattered in abundance through the sponge. Length 0°015 mm. 
(4) Toxa.—These spicules are strongly curved in the centre. They vary from 
exceedingly minute to about 0°18 mm. long by 0°0025 mm. Not very numerous. 


Pocillon hyndmani (Bowerbank). 
Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. 
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Several pieces of this species were obtained, encrusting the stems of a hydroid to 
a height of about 45 mm. One small specimen is growing at the base of a specimen 
of Stphonochalina anonyma n. sp., and another is at the base of the young specimen 
of Homeodictya compressa (Esper). 

The colour in spirit is dark purple grey. 

The spicules agree exactly in character with those of the type-specimen, but the 
megascleres are slightly shorter than those of the type. 

The measurements of the spicules are as follows :—(1) Acanthostyli belonging to 
two groups, 0°15-0°18 mm. in length by 0°011 mm., and 0°09-0°115 mm. in length 
by 0°004 mm. (3) Anisochele, 0°019 mm. long. (4) Bipocilli, 0015 mm. in length. 


Clathria lobata Vosmaer. 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. One 
specimen. 

The only specimen obtained consists of a broad, fan-like lobe, 36 mm. in height 
by 40 mm. in width and 9 mm. in thickness, rising directly from an approximately 
circular base, 15 mm. in diameter. A short, thick, finger-like lobe is given off on 
either side of the fan-like expansion. The surface is apparently even, but, under the 
lens, it is seen to be minutely hispid. The dermal membrane is thin and is firmly 
attached to the underlying tissues. The pores are numerous, and the oscula are not 
apparent. The consistence is firm, but slightly compressible. 

The colour in spirit is pale greyish yellow. 

The main skeleton consists of a reticulation of well-marked horny fibres, cored by 
large, smooth styli and echinated by short acanthostyl. The principal fibres are 
usually 0°07 to 0°13 mm. thick. They run upwards through the sponge, branch and 
curve outwards to the surface, where they pierce the dermis, and end in tufts of 
spicules. They contain several rows of large, smooth styli arranged in a slightly 
plumose manner, so that sometimes the tips of the spicules project from the sheath 
of spongin enveloping them, and add to the echination of the fibres. The main 
fibres are usually the length of the large, smooth styli apart. The transverse fibres 
are at right angles to the principal ones. They are about 0°025-0°05 mm. thick, 
and consist of one or several styli surrounded by a distinct sheath of spongin. 
Occasionally they are echinated by one or two acanthostyli. Large numbers of 
megascleres are scattered through the sponge, and in places the arrangement of the 
skeleton is irregular. 

The dermal skeleton consists of vertical brushes of closely set slender styli, which 
project slightly beyond the surface of the sponge. The terminal styli of the main 
fibres also project and add to the hispidation of the surface. 

Spicules.—(1) Large styli of the fibres.—These are smooth, fusiform, with 
slightly curved shaft, usually between 0°25-0°35 mm. in length, with a maximum 
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diameter of 0°021 mm. (2) Acanthostyli echinating the fibres.—Straight or slightly 
curved shaft with characteristically arranged spines as described and figured by 
Riptey and Denpy (15), for a sponge recorded as a variety of VOSMAER’S species. 
The head is thickly spined, with the spines on its sides directed towards the pointed 
end of the spicule. Then follows a space usually free from spines. The remainder of 
the spicule is thickly spined, with the points of the spines directed towards the head 
of the spicule. Length 0°13-0°'16 mm. by 0°01-0°013 mm. (3) Slender styli, 
straight, with minutely spined head, forming the dermal brushes of spicules and 
scattered through the sponge. They are somewhat varying in length, being usually 
between 0°15-0°28 mm. by 0°005-0°008 mm. (4) Isochelee palmate.—Numerous, 
very minute, scattered through the sponge. Length about 0°008 mm. (5) Toxa.— 
Numerous, scattered through the sponge. The ends are spined and there is a strong 
curve in the middle of the spicule. From exceedingly minute to about 01175 mm. 
in length, with a thickness of 0°0025 mm. 

Through the kindness of Professor VosmaEr, I -have been able to compare the 
Scotia specimen with fragments of the original specimens, a preliminary description 
of which has alone been published (26). As far as can be seen from a study of 
the dried fragments the arrangement of the skeleton is identical, except that in 
both of VosMaAER’S specimens numerous sand grains are incorporated with the 
skeleton. The spicules are exactly similar as to shape, but there are slight 
differences as regards their measurements. The dermal spicules are alike both 
in size and character, but the large, smooth styli, though alike in shape, are, on the 
whole, a little shorter in the original specimens, in which they vary between 
0°2-0°26 mm. Their maximum diameter is the same, namely, 0:021 mm. The 
acanthostyli are, as a rule, slightly shorter in one of the specimens, being 0°11—0'14 
mm. in length. In the other specimen they are about the same as in the Scotia 
sponge. ‘The microscleres are exactly similar in all three specimens. 

Though differmg in external appearance from the specimen desclied by 
Riptey and Denpy (15) under the name Rhaphidophlus lobatus (Vosmaer) var. 
horrida, the arrangement of the skeleton is similar and the spicules of both agree 
exactly, except that in this case, too, there are slight differences in their measure- 
ments. The smooth styli are rather longer and thicker in the Challenger specimen, 
and the characteristic acanthostyli, which are identical in shape, are very slightly 
longer than in the Scotia specimen. 

With the possible exception of one of the original specimens of which the 
locality is not known, the specimens of this species hitherto obtained have been 
collected in the neighbourhood of the Cape of Good Hope. 


Clathria rhaphidotoxa n. sp. (Plate XX XVIII, fig. 2; Plate XL, fig. 15.) 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 2Ist May 1904. Three 
specimens, 
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The sponge forms a thick encrustation. The upper surface rises in a number 
of parallel-walled meandrine ridges, about 3-6 mm. in height and 2-3 mm. apart. 
The summits of the ridges are shghtly hispid. 

The dermal membrane is thin and easily detachable. No oscula or pores could 
be made out. The consistence is firm, but compressible. 

The colour in spirit is pale yellow. 

The largest of the three pieces in the collection is 65 mm. by 55 mm., with 
a thickness of about 35 mm. 

The main skeleton is made up of a reticulation of well-developed fibres, in which 
a good deal of spongin is present. The principal fibres run upwards through the 
sponge. They branch, and reaching the surface of the sponge their terminal 
spicules pierce the dermis and project slightly. They contain a core of multiserially 
arranged spicules, consisting chiefly of large skeletal styl, but often containing 
in addition slender styli similar to those of the dermis, short acanthostyl, and 
bundles of long, rhaphide-like toxa, all being enveloped in a distinct sheath of 
spongin. The main fibres are echinated by numerous short acanthostyli. They 
are about 0°06—0°13 mm. in thickness and lie about 0°15—0°3 mm. apart. 

The connecting fibres vary in diameter from 0°025-0'°05 mm., and do not, 
as a rule, contain spicules. Sometimes one large stylus is present enclosed in 
spongin, or, more rarely, two styli lie side by side. 

The dermal skeleton is made up of slender styli, lymg tangentially in the 
dermal membrane. In places the styli occur singly, but they are usually crowded 
together into flat bundles lying tangentially, or projecting more or less obliquely 
beyond the surface of the sponge. There are, however, no closely set vertical 
bundles of dermal spicules such as are characteristic of the species separated by 
some authors from Clatha and placed under the genus Rhaphidophlus. The 
hispidation of the surface is caused chiefly by the projection through the dermis 
of the spicules at the ends of the main fibres. 

Spicules.—(1) Large styli coring the fibres——The shaft is a little curved and 
tapers evenly to a sharp point, or there is occasionally a very slight constriction 
above the head. The spicule is sometimes smooth, but there are usually very 
minute spines on the head, or there are fewer stronger spines instead of the more 
numerous slender ones. Length 0°23-0'45 mm., with a maximum diameter of 
0021 mm. (2) Acanthostyli echinating the fibres—The shaft is straight and 
strongly spimed along its whole length, the spines on the shaft being curved, 
with their points directed downwards. Length 0°12-0°15 mm. by 001-0014 mm. 
(3) Dermal styli—Straight, minutely spined on the head, usually between 0°14 
and 0°3 mm. in length by 0°005—-0°008 mm. (4) Isochelee palmatee.—Present in great 
numbers throughout the spouge and in the dermal membrane. Length 0°015—0°02 
mm. (5) Toxa.—These oceur in abundance, singly, or in rhaphide-like bundles, 
through the sponge and in the dermal member. The length is very varying, from 
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about 0°1 mm. to 0°6 mm., with a maximum diameter of about 0°002 mm. The 
smaller toxa have a well-marked bend in the centre of the spicule, with, as a rule, 
straight arms. In the longer toxa the bend is sometimes well defined, but is 
often slight, or inappreciable. 

Clathria rhaphidotoxa somewhat resembles Clathria meandrina Ridley (14) in 
external appearance, the surface of both being raised up into similar meandrine 
ridges, but it differs from that species in the arrangement of the skeleton and in 
the size and shape of the spicules. On the other hand, the spicules of Clathra 
rhaphidotoca and Rhaphidophlus filifer Ridley and Dendy (15) are somewhat 
similar, although differing in various details, but the two species are clearly 
marked off from each other by the different arrangement of the dermal skeleton 
as well as by their external appearance. 


Sub-family MYXILLINA. 
Myzxilla simplex (Baer). (Plate XXXIX, figs. 1b and 4c.) 


Station 478. Table Bay, shore. May 1904. 

Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. Seven 
specimens. 

Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. Sixteen 
specimens. 

This species, which was described from one small specimen taken off Cape Town 
(1), appears to be common off the west coast of Cape Colony. The numerous speci- 
mens in the collection agree very well with the description of the type. They are 
all more or less rounded or oval in shape. The surface is grooved and the oscula 
are, as a rule, numerous, the largest measuring about 6 mm. in diameter. The 
sponges are rather firm to the touch but easily broken, and they are only slightly 
compressible. In external appearance they closely resemble spirit specimens of 
Myzxilla incrustans (Johnston). Many of the specimens apparently grew quite free 
of any support. Others are encrusting the bases of dense hydroid colonies, while 
the Table Bay specimens are growing among the roots of a large sea-weed in company 
with EHsperiopsis informis n. sp. 

The smallest specimen is a little encrusting patch, 7 mm. in diameter, growing 
at the base of a young Homeodictya compressa (Esper). The remaining specimens 
vary in size from 45 mm. by 30 mm. in diameter, with a height of 20 mm. to 
125 mm. by 72 mm., with a height of 53 mm. 

The spicules vary in size to some extent in the different specimens, but in the 
majority the measurements agree very well with those given for the type. 

The measurements are as follows :—(1) Styli, 0°16-0°22 mm. in length, with a 
maximum diameter of 0°012 mm. (2) Tornota, 0°16-0°2 mm. by 0°008 mm. 


(3) Anchoree spatuliferee, maximum length about 0°024 mm. (4) Sigmata, from 
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very minute to usually 0°035 mm. in length, but sometimes reaching a length 
of 0°055 mm. 

In two or three specimens the styli are slightly longer than usual. They reach 
a length of 0°27 mm. or 0°3 mm., with a maximum diameter of 0°013 mm. The 
anchors have a maximum length of 0°035 mm. in several of the sponges. The styli 
are often quite smooth, but for the most part they are very slightly spined. The 
spines are mostly on the head of the spicule, but sometimes a few are to be found 
along the shaft. In one specimen only, the smallest in the collection, are the styl, 
which reach a maximum length of 0°22 mm., fairly well spined. In the largest 
specimen the styli, here as much as 0°3 mm. in length, all seem perfectly smooth. 
The spiculation of these two specimens at first sight appears to be very distinct 
owing to the difference in size and in amount of spinulation of the styli, but these 
two extremes are connected by every possible variation in length and spinulation 
of the styl in the remaining specimens. 

The styli very rarely have their points rounded off as shown in plate v, 
hoe 1 (1). 

A specimen of Myaxilla sumplex is shown on Pl. XXXIX, fig. 1, with a specimen of 
Homeodictya multiformis n. sp. growing on it. A small specimen of the same species 
is indicated on Pl. XXXIX, fig. 4 c, growing on Homeodictya compressa (Esper). 


Tedama scoti# n. sp. (Plate XXXVIII, fig. 3; Plate XL, fig. 7.) 


Station 483. Hntrance to Saldanha Bay, 25 fathoms. 21st May 1904. 

Five specimens are in the collection. They are, with the exception of one speci- 
men which is rather compressed, rounded, cushion-like sponges. The largest is 
75 mm. by 57 mm. in diameter and 37 mm. in thickness. It is penetrated by numerous 
hydroid stems. Two of the specimens are small and incomplete. They measure 
about 10 mm. in length and are growing at the base of hydroid colonies. The 
surface is rubbed in places, but where it is uninjured it is even, and under the lens 
it is seen to be minutely hispid. The dermis is rather thick. The oscula are 
scattered ; they are small, scarcely reaching 1 mm. in diameter. The pores could not 
be made out. The consistence is firm and very slightly compressible. 

The colour in spirit is pale yellowish grey. 

The main skeleton is an irregular reticulation of rather closely arranged spicules. 
The principal fibres are broad tracts of styli running upwards through the sponge, 
with single styli, or bundles of two or three styli, at right angles to them, or lying quite 
irregularly. The skeleton is, on the whole, rather confused. A considerable amount 
of spongin is present. It is especially noticeable connecting the bases of the styl. 

The dermal skeleton consists of closely packed tylota lying horizontally, or more 
or less obliquely to the surface of the sponge. Some of the obliquely lying tylota 
project slightly from the surface. 
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Sprcules.—(1) StyliitThe shaft is slightly curved, the curve being most marked 
at a little distance below the head. Length 0°'28-0°375 mm. by 0°008-0°01 mm. 
(2) Tylota.—There is a rather well-marked swelling at each end of the spicule pass- 
ing evenly into the shaft. The ends are smooth. Length 0°22-0°3 mm., with a 
maximum diameter of 0°005 mm. (3) Onychata.—Scattered or in bundles, in great 
abundance through the sponge and in the dermal membrane. These spicules are of 
two kinds: (a) straight, abruptly pointed at one end and tapering to a long point 
at the other; spined ; length 0°125-0°15 mm. by 0°0025 mm.; (b) rather longer, 
more slender and more finely spined than (a), often slightly curved ; one end abruptly 
pointed, the other tapering to a long and very fine point; at a short distance, 
usually 0°02-0°03 mm., below the blunt end there is a rounded swelling; length 
of the spicule 0°15-0°175 mm. by about 0°001 mm. 

The spicules, both megascleres and microscleres, vary but little in size in a single 
specimen, or from one specimen to another. 

The megascleres are very similar in shape to those of Tedama suctoria Selmiide 
They are below the average size as stated by LunpBeck (13) for that species, though 
their measurements are about the same as the lowest measurements for the species 
given by the same author. The two species differ in external appearance, as 
Tedania scoti# does not possess papille, and in the size and shape of 
the microscleres. 

Onychata with a similar rounded swelling have been noted in three species, 
namely, in Tedania pectinicola Thiele (19), T. charcoti Topsent (23), and T. murdochi 
Topsent (25). In addition to other differences in spiculation, all these species possess 
tornota as dermal spicules and cannot be confused with the new species. 

The term onychata, recently suggested by Professor Topsmnr (25) for the 
characteristic microscleres of the genus Tedama, is here adopted in preference to 
the older term, rhaphides, usually applied to them. 


Sub-family MyCALINA. 
Mycale simonis (Ridley and Dendy). 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. 

The collection contains one complete specimen and two or three fragments of 
this species, all growing at the base of hydroid colonies, and partly encrusting 
their stems. 

The complete specimen is a small, oval, cushion-like mass about 25 mm. in its 
greater diameter. In spirit it is pale grey in colour, with an even, but minutely 
hispid surface. 

The Scotia specimens agree exactly with the type (15) in the arrangement of the 
skeleton and in the shape of the spicules. There are a few slight differences in the 
measurements of the latter. The subtylostyli are 0°3-0°425 mm. by 0°01-0'013 mm. 
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They are slightly crooked, a character not mentioned in the original description, but 
which is shown in the figure given (15, pl. xv, fig. 7). 

The rosette anisochele are a little smaller in the Scotea specimens than in the 
type, but their proportions are exactly similar. They measure 0°065 mm. in total 
length, while the larger alee are 0°032 mm. in length and are the same in breadth. 
The medium-sized anisochele are 0°03 mm. long, with the larger ale 0°02 mm. in 
length by 0°013 mm. in breadth. The smallest anisochele are 0°013 mm. in length, 
with the larger alee 0°008 mm. long. The sigmata are slightly smaller than in the 
type, the maximum measurement being about 0°18 mm. for the length and 0°013 mm. 
for the thickness. Young sigmata are to be seen of about the same length, but only 
about 0°003 mm. thick. The toxa vary a good deal in length, being usually 0°15 mm. 
long, but they may be found up to 0°2 or 0°3 mm., a length which some of the toxa 
in the type-specimen reach, as may be seen from a preparation in the British 
Museum. 

The species has hitherto only been obtained by the Challenger Expedition. It 
was dredged in Simon’s Bay, Cape of Good Hope, in 10-20 fathoms (15). 


Mycale sp. 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. 

Several pieces of a Mycale were found, which are too fragmentary to name, 
consisting as they do chiefly of macerated fibres, with most of the microscleres 
washed away. ‘The following kinds of spicules were obtained from one fragment 
in a rather better state of preservation :—Subtylostyli, 0°25 mm. in length by 
0°008 mm. ; anisochele, 0°025 mm. and 0°05 mm. in length; sigmata, 0°08—-0°1 mm. 
long ; toxa, with well-rounded curve in the middle of the spicule, up to 0°14 mm. long. 


Esperiopsis informas n. sp. (Plate XL, fig. 11.) 


Station 478. Table Bay, shore. May 1904. 

Station 483. Kntrance to Saldanha Bay, 25 fathoms. 21st May 1904. 

This species is represented by several pieces, more or less broken. They are 
encrusting the base of hydroid colonies, the stems of which are growing through the 
sponge. The Table Bay specimen is growing on a Laminaria-like root. 

The texture of the sponge is rather firm, and the surface is slightly hispid. The 
oscula are on a level with the general surface of the sponge and are about 1-2 mm. 
in diameter. The dermal membrane is thin and is pierced by numerous pores. 

The colour in spirit is pale greyish yellow. 

The main skeleton is made up of a network of fibres. The principal fibres, which 
consist of multiserially arranged styli, run vertically through the sponge. They 
pierce the dermal membrane and project slightly beyond the surface of the sponge 
as tufts of spicules. They are about 0°15-0°2 mm. apart, and are connected by 
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transverse fibres consisting of a single stylus or of a bundle of a few styli. Spongin 
is present in rather scanty quantities, and is best seen at the points where the 
transverse fibres join the main ones. There is no special dermal skeleton. 

Spicules.—(1) Styli, with a slightly curved shaft. They vary in length between 
0°2—0°26 mm., but are usually 0°23-0°25 mm. long. Their thickness is 0°008—0°01 mm. 
(2) Isochele palmate are scattered throughout the sponge and in the dermal 
membrane. They are 0°024—0'027 mm. in length by about 0'008 mm. across the tooth. 
The axis is curved back from the inner side of the tooth, and its end shows as a 
tubercle in front view, as described by LunpBEcK (13) for a sponge recorded by him 
under the name HF. sp. (? aldert Bowerbank). This structure cannot be made out 
in all the chele. 

In the arrangement of the skeleton and in the size and shape of the megascleres, 
this species is very like Esperiopsis fucorum (Johnston). It differs from the older 
species in the larger size and, more particularly, in the structure of the isochele. 
It agrees with the Ingolf specimen mentioned above as regards the size and shape 
of the isochele, but differs from that sponge in possessing much shorter styli. 


Homeodictya compressa (Esper). (Plate XX XIX, fig. 4; Plate XL, fig. 12.) 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. Two 
specimens. 

One of the specimens of Homeodictya in the Scotra collection resembled Esprr’s 
figure (7, pl. lv) of the sponge named by him Spongia compressa very closely in 
external appearance, and its structure agreed so well with EHLERS’ (6) short description 
of the same specimen, that efforts were made to gain further information about the 
type-specimen. Finally, a fragment of the original specimen was obtained through 
the kindness of Dr C. Zimmer of the Zoological Museum, Alte Akademie, Munich, 
in whose charge is the Esper collection of sponges. An examination of this 
fragment showed that the arrangement of the skeleton and the size and character 
of the spicules agree exactly in both sponges. 

Two specimens of this species are in the collection. The larger closely resembles 
in shape, and in size and arrangement of the oscula, the figure given by HspEr. 
The Scotia specimen consists of a thick stalk, 30 mm. in diameter, which 
spreads out into a broad compressed lobe, 105 mm. in greatest breadth and 
about 30 mm. thick. The sponge, which is broken off from its support, is 
175 mm. high. 

The whole surface, including that of the stalk, is covered with closely set tufts 
of spicules, about 2 mm. in length, formed by the projecting ends of the main 
skeletal fibres. One surface of the sponge is even, but the opposite side, towards the 
summit, is raised into a prominent ridge running across the broadest part of the 
sponge. The oscula are found along the margin of the sponge and on the summit 
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of the ridge. They are 2-6 mm. in diameter. The dermal membrane is very thin 
and transparent. The consistence is very firm but compressible, the stalk being 
much more rigid than the upper part of the sponge. Colour in spirit pale yellow. 

The small specimen (Pl. XX XIX, fig. 4) is similar to the above in general outline, but 
it only reaches a height of 70 mm., with a greatest breadth of 28 mm., and a thickness 
of 10mm. The stalk is 5 mm. in diameter and rises from a broad flattened base. 
The oscula are confined to the upper margin of the sponge. The whole surface, 
including that of the stalk and of the flattened base, is hispid with the projecting 
ends of the main skeletal fibres. The hispidity is rather less marked towards the 
lower part of the sponge than towards its summit. The texture, especially that of 
the stalk, is much less firm than in the large specimen. Growing round the base 
of the stalk are very small specimens of Pocillon hyndmam (Bowerbank), Myailla 
simplex (Baer), and Esperiopsis informis n. sp. 

The main skeleton is made up of a reticulation of strong fibres, as described by 
Euuers (6) for the type-specimen. The principal fibres run upwards through the 
stalk and through the main body of the sponge. They branch, and bending towards 
the surface, they pierce the dermal membrane and project beyond it to a distance of 
about 2 mm. as strong tufts of spicules. They consist of a core of multiserially 
arranged oxea surrounded by a thick sheath of spongin, and are about 0°15—0°25 mm. 
in diameter. They are connected by a rather irregular network of more slender 
fibres, the thicker of which consist of multiserially arranged oxea surrounded by 
a strong spongin sheath. They are about 0°12-0°2 mm. in diameter. The fibres 
are rather more closely placed in the stalk, thus giving a greater rigidity to it. 
There is no special dermal skeleton. 

Spicules.—(1) Oxea, curved, tapering evenly to sharply pointed ends. They 
do not vary much in size, being usually between 0°4-0°5 mm. in length by 
0°02-0°024 mm. in thickness. (2) Isochele palmatee.—These occur in great 
abundance through the sponge and in the dermal membrane. They are 0°027—0'032 
mm. in length. In some the peculiar bending inwards of the axis from the inner 
side of the tooth, which is characteristic of many Homcaodictya species, can be 
clearly seen, both in side view, and, showing as a tubercle, in front view. In other 
isochele the structure is not so well marked, and in many it cannot be made out 
at all. The spicules of the small specimen agree exactly with those of the large 
specimen, there being, however, a larger proportion of more slender oxea present. 

As far as can be made out from the fragment of the type-specimen available, 
the arrangement of the skeleton agrees exactly with that of the Scotia specimens, 
and the spicules are identical in size and shape. Huurrs (6) gives 0°44 mm. 
for the length of the oxea in HspErR’s specimen, and this is about the average length 
of the oxea in both the large specimens, but in the type, as in the recently collected 
specimen, they vary between 0°4-0°5 mm. in length, and between 0°02-0'024 mm. 
in thickness. 
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Like the oxea, the isochele agree exactly with those of the type in size and 
shape. HHLERS’ measurement of 0°036 mm. for the length of the isochele seems 
to be a little above the actual length. Although the Homeodictya structure of 
the isochele is not mentioned by Euurrs, it can be clearly seen in some of the 
isochele. On the other hand, there are many isochele here, as in the Scotia 
specimens, in which this structure cannot be made out. 

Unfortunately the locality of Esprr’s type-specimen is not known. It seems 
possible that it may have been obtained in the neighbourhood of the Cape of 
Good Hope, where other sponges described by Esper were collected. 

CarTER (3) describes some sponges from Algoa Bay, and assigns them to 
HspEr’s species. They appear to resemble it closely in external appearance as 
well as in spiculation, although he definitely states that the isochele do not 
show an inward bending of the axis. 

Two species of Homaodictya, H. conulosa (Ridley and Dendy) and H. grandis 
(Ridley and Dendy), were obtained by the Challenger in Simon’s Bay, not far 
from where the Scotia specimens were collected. H. compressa differs from both 
in external appearance. It differs also from H. conulosa in having oxea which are 
much shorter than the oxea in the newer species and less than half as thick. On 
the other hand, its oxea are hardly more than half as thick, and its isochele are 
half the size of the corresponding spicules in H. grandis. 


Homeodictya elastica (Vosmaer). (Plate XL, fig. 17.) 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. One 
specimen. 

Only one specimen was obtained. It is an upright, branching sponge. The 
branches are slightly compressed and slender, or they widen out and coalesce into 
broad, fan-like expansions. They lie more or less in one plane. The sponge is 
torn from its support; its height is 85 mm. and its breadth is about 115 mm., 
while the thickness of the branches is about 6 mm. The texture is rather soft and 
compressible. The surface is minutely hispid owing to the projecting ends of the 
main skeletal fibres. The oscula are small, averaging about 1 mm. in diameter. 
They are usually on a level with the surface, but occasionally have a slightly raised 
rim. They occur scattered in numbers over one side of the sponge and along the 
margins of the branches. They are not strictly confined to one surface, as some 
are to be found on the opposite side. The dermal membrane is thin. The pores 
are numerous; those measured varied between 0°07-0'15 in diameter. 

The colour in spirit is pale greyish yellow. 

The main skeleton is made up of a reticulation of fibres. The principal fibres 
run vertically upwards from the base of the sponge. They branch, and bending 
outwards to the surface, they pierce the dermal membrane, and project as short, 
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thick tufts of spicules. These fibres contain multiserially arranged oxea united by 
spongin, which, as a rule, does not form a distinct sheath. They are 0°05—-0°1 mm. 
thick, and are placed about 0°2-0°3 mm. apart in the centre of the sponge. Towards 
the surface they are closer together, and immediately beneath the dermis they are 
about the length of one oxea apart. They are connected by short, transverse fibres, 
at right angles to them and running only from one main fibre to the next. The 
transverse fibres, in which the spongin is relatively more abundant than in the 
main fibres, and which are about 0°02-0°05 mm. in thickness, are placed much 
closer together towards the surface of the sponge than towards its centre. They 
contain two, three, or more rows of spicules. In places considerable numbers of 
sand grains are present in the sponge. ‘There is no special dermal skeleton. 

Spicules.—(1) Oxea, curved, tapering evenly to sharp points. They are short and 
fairly thick, and do not vary much in size. They measure 0°13-0°16 mm. by 0°009-— 
0°011 mm. (2) Isochelee palmatee.—These occur in the dermal membrane and are 
scattered through the sponge. They are 0°019—0°024 mm. in length, and they are not 
very abundant. The whole spicule is slightly curved, and occasionally the peculiar 
bending of the end of the axis from the inner side of the tooth can be seen, a character 
to be found in many Homeodictya species. Usually this structure cannot be made out. 

Through the kindness of Professor VosmaER I have been able to compare the 
Scotia specimen with fragments of two of the original specimens from the Cape 
of Good Hope, of which a preliminary description has been published under the 
name Desmacidon elastica (26). 

The arrangement of the skeleton is the same in all the specimens, and the 
spicules are in close agreement. The oxea are similar in shape and size. In 
VOSMAER’S specimens they are 0°13-0'16 mm., with a maximum diameter of 
0013 mm., being, on the whole, very slightly thicker than in the Scotea specimen. 
The palmate isochele are similar in shape, but are slightly longer than in the 
Scotia specimen, being 0°024—-0°03 mm. in length. Sand grains and broken shafts 
of spicules foreign to the sponge are sometimes incorporated with the skeleton. 
In external appearance, too, the specimens are probably alike, as Professor VOSMAER 
states that the form of his specimens resembles that of Homcodictya palmata 
(Johnston), a species which the Scotia specimen also resembles externally. 

Homeodictya elastica differs from H. palmata in the shape of the isochele, 
and in the somewhat smaller size of the oxea. 


Homeodictya multiformis n. sp. (Plate XXXIX, figs. 1a, 2,3; Plate XL, fig. 16.) 


Station 482. Saldanha Bay, 5 fathoms. 20th May 1904. Three specimens.— 
Reit’s Bay, Saldanha Bay, shore. 21st May 1904. Five specimens 

Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904 Thirty- 
one large and twenty-five small specimens, and fragments 
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A large series of specimens of this species was obtained, about twenty-five small 
specimens from 2—24 mm. in height, and about thirty-nine larger specimens, some of 
which are over 100 mm. in height. The latter vary a good deal in external appear- 
ance. Some of them are quite Siphonochalina-like, consisting as they do of upright, 
rounded tubes, free except at the base, or more or less coalescent throughout their 
length, with a large osculum at the summit of each tube. Others consist of upright, 
flattened branches bearing a row of small oscula round the margins, and closely 
resembling Homeodictya palmata (Johnston) in external appearance. Others, again, 
have more or less coalescent flattened branches, with numerous small oscula scattered 
chiefly over one surface, as well as along the edges of the branches, or they possess 
fewer, but larger oscula. Some of the specimens consist of fan-like lobes with 
numerous oscula along the margins, while two form thick encrustations on sea-weed, 
and possess numerous oscula. In a*few specimens, part of the sponge consists of 
Siphonochalina-like tubes, while the remaining part consists of branches bearing 
small oscula. The specimen figured (Pl. XXXIX, fig. 1) has somewhat this shape. It 
is growing on a large specimen of Myzxilla simplex (Baer), to which it is attached in 
two places. It rises to a height of 112 mm., and possesses several tubes about 
13-16 mm. in diameter, which are more or less coalescent. A branch is given off 
nearly half-way up these tubes, which is attached to another part of the supporting 
sponge, over which it spreads as a thin encrustation bearing numerous oscula. From 
this part arise two branches, the more complete of which has small oscula along the 
margin, and which consists apparently of small coalescent tubes. The oscula are 
about 7 mm. in diameter on the more Siphonochalina-like part of the sponge ; on the 
other part they vary from 1-4 mm. in diameter. 

The young specimens are growing on colonies of a Sertularella. They vary in 
size from 2 mm. in height by 1 mm. to 24 mm. in height by 8mm. The smaller of 
these are somewhat oval, and are compressed from side to side, with a single osculum 
at the summit, or with several oscula. The larger are finger-like, sometimes with a 
well-marked stalk, occasionally cylindrical, but usually more or less compressed. 
There is a fairly large osculum at the summit, or a row of smaller oscula along the 
margin. ‘They are, for the most part, unbranched, but one of the largest of these 
young specimens gives off a branch bearing a terminal osculum. Some of these 
young sponges are extremely like small specimens of Siphonochalina in external 
appearance. Next in size to these small specimens is one 45 mm. long with a 
greatest breadth of 10 mm. It is much compressed, and bears several oscula along 
its edge. The largest specimen in the collection is about 100 mm. in height, with a 
breadth of 125 mm. It consists of a number of flat, more or less coalescent, fan-like 
lobes, with numerous oscula along their margins. It contains many embryos, the 
older of which are crowded with short, slender oxea. 

The surface of all these specimens is even, but it is minutely hispid from the 


projecting ends of the main skeletal fibres. The oscula are on a level with the 
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surface or may be slightly raised above it. The dermis is thin and is pierced by 
numerous pores; those measured varied between 0°'025—-0°1 mm. in diameter. The 
consistence is rather soft and compressible. 

The colour in spirit is pale greyish yellow, the younger sponges being lighter 
in colour than the large ones. 

The main skeleton consists of a regular reticulation of fibres. The principal 
fibres run upwards to the surface ; they pierce the dermis and project as long tufts 
of spicules. They are about 0°03-0°075 mm. in thickness, and are distant from each 
other about the length of one skeletal spicule, or, in other words, they are placed 
on an average 0°2 mm. apart. They consist of oxea, multiserially arranged and 
cemented together by spongin which does not form a distinct sheath. They are 
connected by transverse fibres perpendicular to them, which run from one main fibre 
to the next, but which do not themselves form continuous fibres. The transverse 
fibres consist of single oxea, or of a bundle of several oxea more or less enclosed in 
spongin. They are about 0°025-0°05 mm. thick, and towards the surface of the 
sponge they lie nearer together than at the centre. Spongin is much more abundant 
in some specimens than in others. There is no special dermal skeleton. 

Spicules.—(1) Oxea.—These are slightly curved, tapering evenly to sharp points. 
They vary between 0°175-0°255 mm. in length, and have a maximum diameter of 
0°013 mm. In the majority of the large specimens they are between 0°2-0°25 mm. 
long, but in a few sponges they are only 0°175-0°225 mm. in length. In the 
youngest specimens the oxea are shorter, but they increase in length, on the whole, 
with the size of the specimen, until the maximum length is reached. The greatest 
thickness of the oxea is not much less than that of the oxea in the adult specimens, 
being about 0°01 mm., but many very slender oxea are to be seen. The shorter oxea 
are rather sharply bent in the middle. The curve becomes less abrupt, as a rule, 
the longer the spicule. In the embryos the oxea vary from 0°075 mm. in length to 
0°2 mm., and from exceedingly slender to about 0°006 mm. in thickness. (2) Isochelee 
palmatee.—These are scattered through the sponge. In some specimens they are 
fairly numerous, in others a few only can be found after prolonged searching. 
Typically they have the end of the axis bent out from the inner side of the tooth, 
but often this structure cannot be made out. The isochele are about 0°032-0°04 mm. 
in length, and about 0°01 mm. across the tooth. In the young specimens the 
isochelee are usually 0°032-0°035 mm. long, and they appear to be relatively more 
abundant than in the older specimens. The bending of the axis from the inner side 
of the tooth is usually clearly seen in them. No isochele were found in any of 
the embryos. 

Some of the specimens, as already mentioned, are very like Hom«odictya 
palmata (Johnston) in external appearance, and the arrangement of the skeleton 
is very similar in the two species. On the other hand, Homeodictya multiformuis 
possesses rather longer and more slender oxea. The isochelee, too, are larger, and 
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although showing the characteristic bending of the axis, they are quite different in 
shape from those of Homeodictya palmata. 


Homeodictya alata n. sp. (Plate XXXIX, fig. 5; Plate XL, fig. 13.) 


Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. One small specimen. 

Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. Two specimens. 

Three specimens are in the collection. The largest is an irregularly oval mass 
about 42 mm. thick, with broad, wing-like expansions on either side formed by 
flattened anastomosing branches. The whole sponge measures about 160 mm. in 
diameter by 95 mm. There is no sign of its having been attached to any support. 
The remaining specimens are very much smaller and are incomplete, but they have 
a similar external appearance. ‘The surface is slightly papillose, and, under the lens, 
it is seen to be finely hispid. The oscula are not numerous. They are small, 
round and scattered, and are about 1-1°5 mm. in diameter. The pores are scattered ; 
the largest measured reached a diameter of 0°15 mm. The consistence is firm, but 
slightly compressible. 

The colour in spirit is pale greyish yellow. 

The main skeleton is an irregular reticulation of fibres. The principal fibres are 
strong bands of multiserially arranged oxea. They run upwards through the sponge 
and branch. At the surface they end in densely set vertical brushes of spicules, which 
pierce the dermis. The transverse fibres connecting the principal ones are ill-defined, 
and consist of single spicules, or of a few spicules lying loosely together. Numerous 
scattered oxea occur through the sponge. There is no special dermal skeleton. 

Spicules—(1) Oxea, rather abruptly pointed and usually slightly crooked. 
They measure 0°3-0°425 mm. in length by 0°01-0'015 mm. (2) Isochele arcuatee.— 
These microscleres occur in abundance through the sponge and in the dermal 
membrane. They have a slender, slightly curved shaft and short teeth, and they 
are very similar in appearance to the chele of Homeodictya ramosa (15, pl. xxiii, 
fig. 4a and b). Length 0°016 mm. 

This species approaches Homcodictya ramosa (Ridley and Dendy) of the 
Challenger Expedition (15) in its spiculation, but differs from it in external appear- 
ance and in the arrangement of the skeleton. The oxea, too, are much longer 
in the Challenger species and are, on the whole, about twice as thick as in 
the new species. 


Family HapLoscLerip&. 
Siphonochalina tubulosa (Esper). (Plate XL, fig. 10.) 


Station 478. Table Bay, shore. May 1904. Three large specimens. 
Station 482. Saldanha Bay, 5 fathoms. 20th May 1904. One small specimen.— 
Reit’s Bay, Saldanha Bay, shore. 21st May 1904, Fragments. 


458 JANE STEPHENS: ATLANTIC SPONGES 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. Six small 
specimens. 

The external appearance of several specimens of Svphonochalina obtained in 
Table Bay resembles very closely Esprr’s figure of Spongia tubulosa (7, pl. liv), 
while the structure of the skeleton and the size of the spicules agree so well with 
EHLERS’ description (6) of the same specimen that there seems no reason to doubt 
the identity of the Scotia specimens with Esprr’s species. The locality, too, is 
practically the same, as the specimen described by EspER was found at the Cape of 
Good Hope. Through the kindness of Professor ZimMMER a search for the type- 
specimen was made among the EspEr collection of sponges, now in Munich, but 
without success. 

The largest specimen is about 18 cm. by 13 cm. in diameter, with a height of 
7 cm. It consists of a number of rather short, wide tubes 15-20 mm. in diameter, 
united at the base. These usually coalesce for a greater or less distance, and some- 
times to such an extent that they are united for their whole length, so that ridges 
are formed pierced at intervals by oscula. In one specimen, 15 cm. by 13 cm., the 
tubes are so united that their limits cannot be made out, and in one part only of 
the sponge are the characteristic tubes seen. The summits of the tubes are rounded 
so that the edges of the oscula do not project above the tops of the tubes. The 
oscula are often about 5 mm. in diameter, but they vary from 2 to 7 mm. The 
tubes of the type-specimen seem to be rather worn and frayed out at their summits. 

The colour in spirit is dark yellowish brown. The consistence is firm, but com- 
pressible. The surface is minutely hispid, and the dermal membrane is thin and 
transparent. The pores are closely set. Those measured varied between 0'025— 
0°175 mm. 

In addition to the large specimens collected in Table Bay, some small specimens 
were obtained in Saldanha Bay. Allowing for the difference in size, the smaller 
specimens agree very closely in general appearance with the large ones. They are 
not so dark, being of a pale yellowish colour. Some have tubes coalescent to their 
summits, others have tubes which are more or less free except at the base. Thus 
one small specimen agrees in appearance with a certain part of one of the large 
specimens where the tubes are coalescent, and another young sponge agrees with a 
different part of the same specimen where the tubes are free. One specimen is 
growing over a Laminaria-like root, but two or three of the remaining specimens 
show no sign of having been attached to any support. The smallest specimen is 
67 mm. high by 38 mm. in width. 

The main skeleton consists of a reticulation of fibres. The principal fibres curve 
upwards and outwards from the irregular network of fibres immediately beneath the 
membrane of the oscular canal to the surface of the sponge, where they pierce 
the dermis and project as short, compact tufts of spicules. They consist of a core 
of multiserially arranged oxea covered with a distinct sheath of spongin. They 
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are 0°06—0'1 mm. in diameter, and are placed about 0°2-0°4 mm. apart. The main 
fibres are connected by transverse fibres perpendicular to them, which join one main 
fibre to the next, but which do not themselves form continuous fibres. Thus a 
more or less rectangular network is formed. The transverse fibres are usually 
between 0°05 and 0°07 mm. thick. In them the oxea are arranged in two, three, 
or more rows, and are surrounded by a thick spongin sheath. There is no 
special dermal skeleton. 

Spicules.—Oxea, 0°11-0'14 mm. in length by 0°013 mm. The most usual length 
is 0°125-0°13 mm. They thus agree with EHLERS’ measurements of the oxea of the 
type-specimen. Some of the small specimens have, on the whole, very slightly 
longer oxea reaching up to 0°15 mm. in length. 


Siphonochalina anonyma n. sp. (Plate XXXIX, fig. 6; Plate XL, fig. 9.) 


Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. Four 
specimens. 

The largest specimen consists of a stem, 10 mm. in diameter, rising into a long 
tube, 22 mm. in width. About half-way up this tube two others are given off, one 
of which is coalescent with the main tube for nearly the whole ofits length. At the 
base of the main tube, at the opposite side, a branch is given off nearly at right 
angles, which bears three oscular tubes. The height of the specimen is 120 mm. 
A second specimen is 85 mm. in height, and consists of a short stem, 8 mm. in 
diameter, from which rises several tubes coalescing for nearly the whole of their 
length. The whole sponge is 56 mm. in width. A third specimen is an unbranched 
tube, 140 mm. in height by 19 mm. in diameter. It shows some slightly marked 
swellings along its length. Near the base is a small rounded knob which seems to 
be the beginning of a branch. The remaining specimen is very small, being only 
23 mm. in height by 65 mm. It consists of a single tube with an osculum 1 mm. in 
diameter at its summit. It is growing on a Polyzoan in company with many young 
specimens of Homeodictya multiformis n. sp., some of which it resembles closely in 
external appearance, but it is softer and more compressible in texture than these, 
and the surface is more strongly hispid. 

The colour in spirit of all the specimens is pale greyish yellow. The sponge is 
rather soft to the touch and compressible. The surface is even, but is finely hispid 
from the projecting ends of the main skeletal fibres. The oscula in the large speci- 
mens vary between 4 and 8mm. The dermal membrane is thin, and the pores are 
scattered and about 0°03-0'075 mm. in diameter. 

Numerous embryos in different stages of development occur in two of the speci- 
mens. They are about 0°2-0°3 mm. in diameter. The older embryos are crowded 
with slender oxea. 


The main skeleton consists of fibres which run upwards and outwards froin the 


460 JANE STEPHENS: ATLANTIC SPONGES 


wall of the oscular canal to the outer surface of the sponge, where they pierce the 
dermis and project as tufts of spicules. These are connected by short, transverse 
fibres which run only from one principal fibre to the next, and do not themselves 
form continuous fibres. The two sets of fibres are at right angles to each other, so 
that a fairly regular rectangular network is formed. The main fibres contain two or 
three, or, for the most part, more numerous rows of spicules. The spicules are enclosed 
in a thin, but usually distinct sheath of spongin, and the whole fibre is from 0°04— 
0°07 mm. in thickness. The main fibres are often only the length of one spicule 
apart, but they may be two or three, or more rarely, four spicule lengths apart, or, 
in other words, the distance between them varies from about 0°15 mm. to 0°4 mm., 
or more rarely to 0°5 mm. The transverse fibres contain a single spicule, or a single 
row of spicules covered by a distinct sheath of spongin. They average about 0°03 
mm. in thickness. There is no special dermal skeleton. 

Spicules.—Oxea, curved, tapering evenly to rather short points. They do not 
vary much in length or thickness, being 0°14-0°17 mm. by 0°013 mm. In the 
youngest specimen the largest oxea present measured 0°16 mm. by 0°013 mm., but, 
for the most part, the oxea are shorter and much more slender than in the adult 
specimens. The oxea of the embryos are about 0°065-0°11 mm. in length. They 
vary in thickness from exceedingly slender to about 0°006 mm. in diameter. 


Pachychalina hospitalis n. sp. (Plate XX XIX, fig. 7; Plate XL, fig. 8.) 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

This species is represented by a number of specimens, most of them a good deal 
broken, and by many smaller fragments. The shape of the specimens is rather 
varying. Usually the surface rises up into numerous, short, finger-like branches 
which anastomose, the whole forming a compact growth of interlacing branches 
about 40 mm. in thickness. One specimen forms an encrustation on the inner side 
of a large dead Patella shell, on which grow specimens of Microciona tenws n. sp. 
and Hymedesmma parva n. sp. Oscular tubes, up to about 7 mm. in height, rise 
from the otherwise even surface. A similar encrusting specimen, about 9 cm. 
in diameter, grows on a stone and spreads out over a Laminaria-like root. Other 
specimens form flat anastomosing branches about 5 or 6 mm. in thickness, with 
numerous oscular tubes rising from them. The oscula are sometimes on a level 
with the general surface of the sponge, but are usually raised above it. They are 
about 1-3 mm. in diameter. The dermal membrane is thin. The pores are 
scattered and are rather uniform in size. They average about 0'03 mm. Consistence 
rather firm, but easily compressible. The surface is even, but under the lens 
it is seen to be finely hispid, owing to the projecting ends of the main skeletal 
fibres. The colour in spirit is pale yellow. In spite of their differences in shape, 
all the specimens bear a general resemblance to each other. 
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The main skeleton is made up of a regular reticulation of fibres. The principal 
fibres run upwards through the sponge. They pierce the dermal membrane and 
project slightly above the surface. They are connected by short fibres running 
only from one principal fibre to the next. The transverse fibres are at right 
angles to the main ones, so that fairly regular rectangular meshes are formed. 
The main fibres consist of closely packed oxea, multiserially arranged, and covered 
by a distinct layer of spongin. They are usually from 0°04-0°08 mm. in diameter, 
but sometimes rather thicker ones are to be seen. They vary in distance from each 
other from about 0°1—-0°35 mm., but for the most part they are about 0°2 mm. apart. 

The transverse fibres average 0:03 mm. in diameter. They consist of a distinct 
sheath of spongin enclosing uni- to multiserially arranged oxea. There is no special 
dermal skeleton. 

Spicules.—Oxea.—These are short, thick, slightly curved, and tapering to rather 
short points. They are 0°115-0°13 mm. in length, and have a maximum diameter of 
0°014 mm. Many slender, young oxea are to be seen in the fibres with the fully 
developed spicules. 

One of the specimens, which is about 75 mm. by 30 mm. in diameter, and one 
small fragment are interesting on account of the spicules, foreign to the species, 
which are incorporated in a beautifully regular manner in the skeleton. Large 
spicules were noticed projecting from parts of the free under surface of the sponge 
over an area of several square centimetres, while the broken edge of the specimen 
showed layers of different thicknesses parallel to the surface, which gave a stratified 
effect to that part of the sponge. An examination of vertical sections showed that 
the multiserially arranged oxea of the main fibres have in many parts been replaced 
by the large styli of Polymastia littoralis n. sp., a sponge taken at the same locality. 
The main fibres are connected by single oxea, sheathed in spongin, so that a 
beautiful ladder-like structure is formed, the oxea proper to the sponge being the 
rungs and the large styli the sides of the ladder. Sometimes the main fibres contain, 
instead, bundles of the small dermal subtylostyli or single large cortical tylostyli of 
Polymastia. Occasionally the large styli are reinforced by a few oxea, or by small 
subtylostyli, lymg parallel to them. In places the arrangement is very irregular. 
Sometimes a distinct sheath of spongin is seen covering a considerable part of the 
large styli, which, however, do not seem ever to be completely enveloped in it. 
Directly beneath the surface of the sponge numerous vertical bundles of the dermal 
subtylostyli and numbers of large styli of Polymastia occur in the reticulation of 
oxea proper to the sponge. The whole forms rather a dense layer of spicules. 
Similar layers parallel to the surface are found at intervals through the sponge, 
as if they marked stages in growth. They give a stratified appearance to the 
structure of the sponge. The transverse fibres seem always to contain oxea. The 
apices of the Polymasta spicules are directed towards the surface of the sponge. 
The spicules are, as arule, quite uninjured, and their axial canals are not wider than 
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those of the spicules taken directly from the specimen of Polymastia, as would be 
the case if they had long been separated from the parent sponge. In those parts of 
the sponge where the Polymastia spicules make up a large proportion of the 
skeleton, the transverse fibres usually contain only one row of oxea, and the main 
fibres often contain only two or three rows. With the exception of a large 
dichotrizne and one or two anatriznes, the only foreign spicules seen in this part 
of the sponge were those belonging to Polymastia. In the upper parts of the 
sponge the Polymastia spicules do not appear, but a few anatrizenes and long shafts 
of probably other Tetractinellid spicules penetrate the sponge in various directions 
or le horizontally on the dermis. 


Halichondria panicea (Pallas). 


Coaling jetty at Cape Town Docks. 14th May 1904. 

Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. 

Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. 

The specimens of this almost world-wide species, collected off the coaling jetty at 
Cape Town Docks, are growing on the living shells of mussels, and spreading over 
sea-weed and over a large compound Ascidian. In places they are overgrown by 
Plumularia echinulata, Plumularia setacea, and Plumularia pinnata. On the 
shells they are growing in company with Reniera cinerea. 

The specimens dredged at the entrance to Saldanha Bay are spreading over 
Myzxilla simplex (Baer), or are penetrated by densely growing hydroid colonies. 
The best preserved specimen is about 9 cm. across. The maximum size of the 
oxea is about 0°5 mm. by 0°013 mm. 


Remera cinerea (Grant). 


Coaling jetty at Cape Town Docks. 14th May 1904. 

Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. 

The specimens of this widely spread species, collected off the coaling jetty at 
Cape Town Docks, are growing in soft, cushion-like masses on living shells of mussels 
in company with Halichondria panicea. The largest is about 35 mm. in length. 
One of the specimens is closely crowded with embryos containing numerous very 
small and slender oxea. The specimens collected between tide-marks in Reit’s Bay 
are growing in small, rounded masses on Laminaria-like roots, together with 
Halisarca dwardim. The oxea, which are arranged in a unispicular network, 
are 0°135-0°15 mm. by 0°005—-0'008 mm. 

This species, which has been recorded from the shores of the Arctic, North 
Atlantic and North Pacific Oceans, is now recorded, apparently for the first time, 
from the South Atlantic. 
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Reniera saldanhe n. sp. (Plate XXXIX, fig. 8; Plate XL, fig. 18.) 


Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. Four specimens. 

Station 483. Entrance to Saldanha Bay, 25 fathoms. 21st May 1904. Five 
specimens. 

Although differmg somewhat in shape the specimens bear a general resemblance 
to each other externally. They consist for the most part of coalescent, rather thick 
walled tubes, rounded off at the base in the complete specimens and not tapering 
into a stalk. The largest specimen is 65 mm. high by 80 mm. in breadth. It is 
broken in two and is otherwise rather injured, but like most of the smaller, perfect 
specimens, it shows no sign of having been attached to any support. It consists 
of about eight tubes, closely united. Another specimen, nearly as large, consists of 
a fewer number of wider tubes. A third specimen, 90 mm. by 40 mm., is an oval 
eushion-like mass, rather unlike the other specimens in shape. Several smaller 
specimens, which were collected between tide-marks, consist of three or more 
coalescent tubes. They are unbroken and have an irregularly rounded outline, but 
are compressed from side to side. They were not fixed to any support. A small 
specimen, 20 mm. by 8 mm., growing on a hydroid colony, apparently belongs to 
this species. | 

The surface of the specimens is even, but seen under the lens it is very finely hispid. 
The dermal membrane is thin and is pierced by numerous pores. Those measured 
were from 0°02—0'06 mm. in diameter. The oscula vary in diameter from 3-12 mm. 
Hach leads into a wide oscular canal, which, in most of the specimens, runs to the 
base of the sponge. The canal is at first the same width as the osculum, but 
narrows as it reaches the base of the sponge. The consistence is firm, but is 
compressible, as there is rather a large amount of spongin present cementing the 
ends of the spicules. 

The colour in spirit is pale greyish yellow. 

The largest specimen contains numerous embryos, which are about 0°15 mm. in 
diameter. Numerous small oxea are present in the older embryos. 

The main skeleton consists of a unispicular network with usually quadratic 
meshes. The ends of the spicules are embedded in spongin, of which there is a 
considerable quantity present. Here and there rather ill-defined fibres, containing 


two, three, or more rows of spicules, run more or less vertically through the sponge. 
/ At the surface the ends of the spicules pierce the dermal membrane and project very 
slightly beyond it. There is no special dermal skeleton. 

Spicules.—Oxea, curved, evenly pointed, 0°15-0'185 mm. long, with a maximum 
diameter of 0°013 mm. The oxea in the embryos are, on the whole, 0°06-0'08 mm. 
long, with a maximum diameter of 0°0025 mm. 
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Remera sp. 


Station 482. Houtjes Bay, Saldanha Bay, shore. 19th May 1904. 

The sponge is growing in a brownish encrustation over fragments of Pachychalina 
hospitalis n. sp. The skeleton is rather irregular. It consists of fibres contaiming 
multiserially arranged oxea which are connected by single oxea, or by bundles of 
several oxea. 

Spicules.—Oxea, 0°15-0°17 mm. in length by 0°008 mm. 


Renera sp. 


Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. 

Sponge spreading in a thin encrustation over a stone. The surface is slightly 
hispid. The colour in spirit is yellowish white. The skeleton is rather confused ; it 
is partly unispicular and partly composed of ill-defined fibres containing multiserially 
arranged oxea. 

Spicules.—Oxea, 0°12—0°13 mm, in length by 0°006 mm. 


Order MY XOSPONGIDA. 
Family Hauisarcip, 
Halisarca dijardin Johnston. 


Station 482. Reit’s Bay, Saldanha Bay, shore. 21st May 1904. 

The sponge is growing in the form of a thin encrustation over two large pieces 
of Lanunaria-like roots, in company with small cushion-like specimens of Remera 
cinerea. 

The geographical distribution of the species is wide. It has been recorded for the 
northern, western, and Mediterranean coasts of Kurope; for Hast Greenland and, 
doubtfully, for the Red Sea. A variety has been recorded for the Straits of 
Magellan. 


ee See = 
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DESCRIPTION OF PLATES. 


Puate XXXVIII. 


Fig. 1. Leucophleus styliferus n. sp. Nat. size. 
Fig. 2. Clathria rhaphidotoxa n. sp. Nat. size. 
Fig. 3. Tedania scotie n. sp. Nat. size. 

Fig. 4. Polymastia littoralis n. sp. x 3. 

Fig. 5. Geodia littoralisn. sp. x 3. 

ig. 6. Geodia liberan. sp. x 3. 


PLATE XXXIX. 


Fig. 1. (a) Homeodictya multifurmis n. sp., growing on a specimen of (b) Myzilla simplex (Baer). 
Nat. size. 

Figs. 2 and 3. Homeodictya multiformis n. sp. Young specimens. Nat. size. 

Fig. 4. Homaodictya compressa (Esper). Young specimen, nat. size; with small specimens of (a) 
Esperiopsis informis n. sp., (b) Pocillon hyndmani (Bk.), and (c) Myxilla simplex (Baer), 
growing on its base, ; 

Fig. 5. Homeodictya alata n. sp. x 3. 

Fig. 6. Siphonochalina anonyma n. sp. Nat. size. 

Fig. 7. Pachychalina hospitalis n. sp. Nat. size. 

Fig. 8. Reniera saldanhe n. sp. Nat. size. 


Puate XL, 
Fig. 1. Geodia littoralis un. sp. 
a, somal oxea, x 54; 0, cortical anatriene, x 297; c, cortical oxea, x 122; d, mesoprotriene, 
x 297; e, orthotriene, x54; f, anatriene, x 122; g, h, 7, choanosomal oxyasters, x 540; 
J, strongylospheraster, x 540; x, outline of sterraster, x 122. 
Fig, 2. Geodia libera n. sp. 
a, somal oxea, x54; 0, cortical anatriene, x 297; c, cortical oxea, x 122; d, anatrizene, 
x 122; e, dichotriene, x54; f, protriene, x 122; g, strongylospheraster, x 540; h, oxyaster, 
x 540; 2, outline of sterraster, x 122. 
Fig. 3. Polymastia littoralis n. sp. 
a, choanosomal stylus, x 122; 6, c, cortical stylus and tylostylus, x 122: d, dermal subtylo- 
stylus, x 297. 
Fig. 4. Leucophlawus styliferus un. sp. 
a, large stylus, x 297; b, small subtylostylus, x 297. 
Fig. 5, Microciona tenuts n. sp. 
a, b, ¢, styli of different sizes, x 297; d, dermal stylus, x 297; e, toxa, x 297. 
Fig. 6. Microciona similis n. sp. 
a, b, c, styli of different sizes, x 297; d, dermal stylus, x 297; e, toxa, x 540; /, isochela 
palmata, x 540. 
Fig. 7. Tedania scotizx un. sp. 
a, dermal tylotum, x 297; 6, stylus, x 297; c, d, onychata of two kinds, x 540. 
Fig. 8. Pachychalina hospitalis n, sp. Oxea, x 297. 
Fig. 9. Siphonochalina anonyma n. sp. 
a, oxea, x 297; b, oxea of embryo, x 297. 
Fig. 10. Stphonochulina tubulosa (Esper), Oxea, x 297. 
Fig. 11. Esperiopsis informis n. sp. 
a, stylus, x 297; 6, isochela palmata, x 540. 
Fig. 12. Hom«odictya compressa (Esper). 
a, oxea, x 297; b, isochela palmata, x 540. 
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Fig. 13. Homeodictya alata vn. sp. Oxea, x 297. 
Fig. 14. Hymedesmia parva n. sp. 
a, b, large and small acanthostyh, x 297; ¢, tornotum, x 297; d, isochela arcuata, x 540; 
é, sigma, x 540. 
Fig. 15. Clathria rhaphidotowa n. sp. 
a, stylus, x 297: 6, echinating acanthostylus, x 297; c, dermal stylus, x 297; d, toxa of 
medium length, x 297; e, isochela palmata, x 540. 
Fig. 16. Homeodictya multiformis n. sp. 
a, oxea of large specimen, x 297 ; 6, oxea of specimen 8 mm. high, x 297 ; ¢, oxea of specimen 
2mm. high, x 297; d, oxea of embryo, x 297; e, isochela palmata, x 540. 
Fig. 17, Homeodictya elastica (Vosmaer). Oxea, x 297. 
Fig. 18. Reniera saldanhe n. sp. 
a, oxea, x 297; 6, oxea of embryo, x 297. 
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XVI.—On the Fossil Osmundacee. By R. Kidston, LL.D. F.RS. F.GS., 
Foreign Mem. Imper. Mineralogical Society of Petrograd, Hon. Sec. R.8.E. ; 
and D. T. Gwynne-Vaughan, M.A., F.R.S.E., M.R.I.A., Professor of Botany, 
University College, Reading. 


(MS. received May 25,1914, Read June 15,1914. Issued separately December 9, 1914.) 


[Plates XLI.-XLIV. | 


PARE VY. 


The present part of this memoir contains descriptions of four additional specimens 
of Osmundites which have been obtained from various sources. 

We are indebted to Dr G. Naruorst for the material of Osmundites spetsbergensis, 
Nathorst MS8., which was first collected by Dr G. NorpDENSKIOLD on the Spitzbergen 
Expedition of 1890 at Nordenskiédldsberg, and subsequently by Dr B. HéceBom in 1910 
at Van-Mijensberg, Spitzbergen. ; . 

Our thanks are also due to Dr A. Dna, Dineator of aie Geologisch-palaeonto- 
logische Staatssammlung, Miinchen, for kindly .placing in our hands the type 
specimen of Osmundites Carnmeri, Schuster, for investigation and redescription. 

With regard to the two remaining fossils, one was brought to our attention by 
Dr FERNAND PELOURDE, and has been kindly placed at our disposal by M. Lecomte, 
Director of the Muséum dhistoire naturelle, Paris, in which collection the specimen 
is preserved. The other was found by Mr W. Benson, who at the suggestion of 
Professor M. J. Benson, Holloway College, communicated it to us for examination. 
To each of these we tender our sincere thanks. 


Osmundites spetsbergensis, Nathorst, sp. 
(ex x DIT.) 


1910. Osmunda spetsbergensis, Nath., “ Beitr. z. Geol. d. Baren-Insel, Spitzbergens und Konig- 
Karl-Landes,” Bull. Geol. Institut, Upsala, vol. x. p. 382, sine descr. 


Our material consisted of several pieces of soft rock composed of a substance 
comparable to a fossil peat which could easily be split into thin layers. Its substance 
was formed of the detached petioles and laminz of the Osmundites, but also 
contained remains of a few other plants. In addition to the peat-like material, one 

* Part I., Trans. Roy. Soc. Edin., vol. xlv. part ui. pp. 759-780, pls. ivi. 1907. Part II., idem, vol. xlvi. 
part ii. pp. 213-232, pls. i-iv., 1908, Part III., idem, vol. xlvi. part iii. pp. 651-667, 1909. Part IV., idem, 
vol. xlvii. part iii. pp. 455-477, 1910. 
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of the specimens consisted of the compacted coating of overlapping leaf-bases and 
roots that once surrounded a stem. The stem itself was evidently included in the 
other half of the block, which unfortunately was not found. The general appear- 
ance of our half of the block showing the outer surface of the leaf-bases is seen on 
Pox fig, 

The closely packed leaf-bases possessed stipular wings, but the parenchymatous 
tissues of which they were chiefly composed had almost completely disintegrated 
before fossilisation took place, and the outline of the individual leaf-bases is entirely 
lost except at a few favourable places (Pl. XLI. fig. 2, a). In the inner region of the 
leaf-coating, the sclerotic rings of the leaf-bases, though somewhat flattened and 
crushed, are still fairly distinct. In the outer region they are so broken up and 
fragmented that individual petioles are no longer recognisable (fig. 3), and this region 
consists of irregularly scattered masses of sclerenchyma mixed up with crushed and 
flattened roots in a matrix of detritus and humous material. 

A very interesting feature of this decomposed region is the presence of the 
solenostelic rhizomes of an altogether different fern provisionally named Soleno- 
stelopteris radicicula. They creep about in the disintegrated vegetable matter, and 
four of them are seen in Pl. XLL fig. 3, s, running in a more or less vertical direction. 

The petioles forming the coating of leaf-bases are all those of fully developed 
leaves, there being no zones of abortive or scale leaves. In the larger petioles the 
leaf-traces are clearly of the adaxially curved C-shaped Osmundaceous type, but they 
are more or less deformed and distorted by pressure. The inner margin of the leaf- 
coating in our specimen must have been very near the actual stem itself, for here 
the xylem strands of the leaf-traces are oval in outline, with only a very small 
adaxial bay and a single median protoxylem (fig. 4, prz.). They closely resemble 
certain stages in the departing leaf-trace of Thamnopteris Schlechtendahlu figured 
in Part IIL. of this memoir.* 

The ground tissue of the petiole lying between the leaf-trace and the sclerotic 
ring is thin-walled, and for the most part very badly preserved except for a certain 
amount of sclerenchyma that always occurs in the concavity of the leaf-trace. In 
the inmost petioles this sclerenchyma forms a single subtriangular mass occupying 
the whole space within the concavity of the leaf-trace (fig. 5, scl.). In the outer 
petioles as the leaf-trace enlarges the sclerenchyma spreads out with it and eventually 
divides (fig. 6, scl.), forming two large and conspicuous masses, one of which occupies 
the concavity of each of the incurved ends of the trace (fig. 7, scl.). The sclerotic 
rings of the petiolar bases are stout and well preserved. At the very base they are 
composed of homogeneous sclerenchyma throughout. At a point higher up two 
lateral groups of specialised cells are seen at opposite sides of the ring, the cell-walls 
of which are so much more densely thickened that they stand out in marked contrast 
to the general appearance of the rest of the ring (text-fig. 1, and Pl. XLII. figs. 8 and 

* Trans. Roy. Soc, Edin., vol. xlvi. pl. iv. fig. 23. 
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9, scl’.). In the more damaged petioles these specialised masses of sclerenchyma are 
frequently found isolated, owing to the fact that the ring fractures along their sides. 
In the living Osmundacez the presence of specialised masses in the sclerotic ring is 
characteristic of two species only—Osmunda Claytoniana and O. cimnamomea. 
Osmundites spetsbergensis is the first fossil member of the order in which the same 
peculiarity has been found. 

The sclerotic strands in the concavity of the leaf-trace appear at a lower level in 
the petiole than the specialised masses in the sclerotic ring, and consist of the same 
type of dense sclerenchyma as the latter (fig. 10, scl.). A strand of exactly the 
same type of sclerenchyma also appears in each of the stipular wings before the level 


TEXT-Fic. 1.—Osmundites spetsbergensis, Nath. Diagrammatic restoration of stipular base. 


of the specialised masses is reached. These strands taper evenly and without inter- 
ruption from a stout termination near the sclerotic ring towards the margin of the 
stipule (fig. 11, scl.). Although the stout end lies very near to the sclerotic ring it 
is never found in actual continuity with it. 


THE LEAVES. 


In the peat-like material already mentioned numerous fragments of detached 
petioles are to be found lying about in all directions. The larger of these are about 
6 mm. in diameter, and contain a perfectly typical C-shaped leaf-trace with deeply 
incurved ends (fig. 12). The xylem strand is rather slender, being only two or three 
trachez thick except at the ends, which are slightly enlarged. All the softer tissues 
of the leaf-trace are destroyed. The peripheral tissues of the petiole are heavily 
sclerotic, even the epidermis itself being thick-walled. This sclerotic zone is denser 
and smaller-celled towards the epidermis. There is also a narrow and somewhat 
irregular zone of small sclerotic cells in immediate contact with the leaf-trace which 
are most numerous on its concave side. The ground tissue occupying the rest of the 
concavity of the trace consists of large thin-walled cells which have mostly collapsed 
(fig. 12, par.). 

The smaller petioles have much the same structure as the larger, only the ground 
tissue becomes more and more thick-walled as the size of the petiole diminishes until 
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at last it consists entirely of sclerenchyma (figs. 13 and 14). The detailed structure 
of the sclerenchyma is shown in the more highly magnified petiole (fig. 15). Many 
of the smaller rachides are more or less winged (fig. 16). 

Some of our specimens consisted almost entirely of isolated pinnules lying parallel 
to one another so as to form a laminated peaty mass, and these yielded good trans- 
verse sections of the midribs, veins, and mesophyll. In the midribs and larger veins 
the vascular bundles are surrounded by a stout zone of sclerenchyma that extends 
out to the epidermis on both surfaces of the leaf but thins down at the sides (figs. 17 
and 18). The smaller veins are surrounded by one or two layers of sclerenchyma 
only. In some cases the mesophyll of the lamina is extraordinarily well preserved. 
On the under side of the leaf there is a considerable depth of spongy tissue with 
rather large intercellular spaces, while on the upper side there are one or two layers 
of well-marked but rather short and square palisade cells (figs. 19 and 20). The 
chloroplasts which crowd the palisade cells are still perfectly distinct in the fossil 
(fig. 21). The upper epidermis is well shown in fig. 20; the lower is less distinct, 
but it can be seen in fig. 19, in which two stomata cut in vertical section can be made 
out at the points a,a. The deeper tissues of the mesophyll are shown in the obliquely 
tangential section (fig. 22). At the point @ the palisade tissue is cut through, and 
again the chloroplasts are perfectly distinct. At b the section passes through the 
spongy tissue with its irregular-shaped cells and large intercellular spaces. 

In one of our sections we were fortunate to discover a portion which was cut in 
such a manner that the cells and stomata of the lower epidermis are seen in surface 
view (figs. 23 and 24). The vertical walls of the epidermal cells are markedly sinuous 
and the stomata do not appear to differ in any essential point from those of the 
modern Osmundas. 


THE BRANCHING OF THE RACHIS. 


Too few cases of branching in the stouter parts of the rachis were found to admit 
of a detailed description of the process. As shown by figs. 25 and 26, the xylem 
strand of the rachis curves outwards on the side of the approaching branch, and this 
projection is subsequently nipped off, probably as a closed ring, in a manner similar to 
that which occurs in Osmunda regalis. It is clear from the inspection of fig. 27 that 
no gap is formed in the leaf-trace as is the case in Todea superba and T. hymeno- 
phylloides. Cases of branching were found rather more frequently in the midribs 
of the pinnules, and here again the same process is followed as in the pinnules of 
several living Osmundacex.* In some cases the endarch protoxylem on the side of 
the approaching branch elongates and divides. The extremity of the leaf-trace along 
with the outer protoxylem is then simply nipped off as the branch trace (figs. 28, 29, 
and 30, br.). In other cases the extremity of the xylem strand first of all becomes 


* The vascular phenomena of the branching of the petiole in the Osmuwndacez is in course of investigation by 
one of the authors, 
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distinctly thicker, the protoxylem strand divides as before, but the outer portion of 
it which passes into the thickened end of the xylem strand becomes mesarch before it 
is nipped off with the branch trace (fig. 31, br.). 


THE Roots. 


In the specimen that consisted of the compacted coating of leaf-bases numerous 
roots are to be seen boring their way outwards through the tissues of the stipules. 
When they reach the region where the leaf-bases have become disintegrated they 
bend downwards and form a zone consisting almost entirely of vertically running 
roots (figs. 2 and 3, R.). The roots are fairly large, but their diarch xylem strands 
are narrow, with rather sharp-pointed protoxylems (fig. 32, pra.). The cortex is 
stout and consists of an inner zone of thin-walled elements very much crushed and 
an outer zone of cells with firmer walls which become fairly thick-walled towards 
without. The peripheral two or three layers of the cortex consist of markedly 
smaller cells than the others. 


THE SPORANGIA. 


A few isolated sporangia were found in the matrix of the peat-like mass which 
undoubtedly belong to our plant. They possess a multiseriate annulus forming a 
eurved band of at least three cells in width (fig. 33) and ten to twelve cells in length 
(figs. 33 and 34). These two figures make it clear that the sporangium was of the 
Osmundaceous type, with a vertical line of dehiscence beautifully indicated by the 
narrow elongated cells in fig. 33. 


REMARKS. 


Judging from the arrangement of the sclerenchyma in the stipular leaf-base, 
Osmundites spetsbergensis stands very near to the recent species Osmunda Clay- 
toniana, which is also characterised by the possession of two specialised masses of 
sclerenchyma at the two sides of the sclerotic ring and a continuous strand of the 
same in the stipular wings.* So far as is known, Osmunda cinnamomea is the only 
other species in which the sclerenchyma of the sclerotic ring is of this heterogeneous 
type, but it differs from both the above in having a third specialised mass in the 
median line on the abaxial side and also in having its stipular sclerenchyma broken 
up into separate strands (/.c., fig. 11). 

With regard to its fohage Osmundites spetsbergensis is, on the other hand, almost 
identical with Osmunda regalis, with which plant Narworst originally compared 
it + (text-fig. 2). Narnorst also placed it in the modern genus Osmunda, but it 
seems to us advisable to include it in the fossil genus Osmundites, on the grounds 
that it does not agree in complete detail with any of the existing species, and that 
we are at present in entire ignorance as to the structure of its stem. It must be 


* Trans, Roy. Soc. Edin., vol. xlv., pl. vi. figs. 11 and 12, 1907. + NartHorst, l.c., p. 382, 
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admitted, however, that so far as our present knowledge extends it differs in no 
essential particular from the modern genus Osmunda. We reproduce here a figure 
of the sterile foliage kindly supplied to us by Dr Naruorst (text-fig. 2). — 
Localities. —Nordenskidldsberg and Van-Mijensberg, Spitzbergen. 
Horizon.—Tertiary. 


Text-Fic. 2. —Osmuniites spetsbergensis, Nathorst. From MS. plate of forthcoming work by Dr Natuorst, Zur Tertiaren 
Flora Spitzbergens. Portion of a frond showing character of growth. Natural size, 


Nore. 

Nartnorst gives the following as the chief divisions of the Tertiary in Spitzbergen :— 
“6. Oberste Sandsteinreihe (mit Kohlen und Pflanzen). 

Plattschiefrige Sandsteinreihe (mit marinen Muscheln). 

Obere schwartze Schieferreihe (mit Feuersteingeréllen des Permokarbon). 

Griine Sandsteinreihe (mit Wurmfarhten). 

Untere dunkle Schieferreihe. 

Unterste helle Sandsteinreihe (Zuunterst Kohlenfléze und Pflanzen, dariiber 
marinen Muscheln).” * 


Osmundites spetsbergensis comes from the highest of these divisions; his 
number 6, 


com 


ae SS) 


* Natnorst, lc., p. 382. 
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Osmundites Carnieri, Schuster. 
(Pl. XLIV. figs. 35-40.) 


1911. Osmundites Carnieri, Schuster, Berichte den Deutsch. Bot. Gesellsch., Bd. xxix. p. 534, 
pls. xx. and xxi., text-figs. 1, 2, and 3 (inaccurate). 


An account of this species is included in this memoir although it has already been 
dealt with by ScHustER, owing to the fact that some points in its structure have been 
misinterpreted in the original description and several important structural details 
have been overlooked. 

As represented in this specimen, Osmundites Carneri differs strikingly in its 
structure from the customary Osmundaceous stocks by the complete absence of the 
coating of leaf-bases. This is replaced by a coating of densely packed adventitious 
roots, 835 mm. or more in thickness, which immediately surrounds the actual stem of 
the plant. In the greater arboreal Osmundacew the sheathing bases of the leaves 
no doubt persisted around the upper region of the stem, but towards the base they 
rotted away and became disintegrated, their place being taken by the downward- 
running roots which in the lower regions formed an increasingly thick coating round 
the stem. It follows that the relative proportion of sheathing leaf-bases and of root 
coating present in any section will depend upon the height above the base at which 
the section has been taken. In the light of these considerations the specimen of 
Osmundites spetsbergensis previously described on page 470 came from a transitional 
region towards the upper end of the stock, whereas that of Osmundites Carmiert came 
from a level somewhere near the base. 

The stem itself is unusually large (fig. 35), about 90 mm. in width, and includes 
an enormous stele 35 mm. in diameter; more than a third of the total width of the 
stem. The stele contains a ring of no fewer than thirty-five free and distinct strands 
of xylem which present all the differences in form that are typical of the modern 
Osmundacee and in consequence require no detailed description. These xylem strands 
are, however, unusually deep, including about fifty-five tracheze from the inside of 
the strand to its outer margin. Their peripheral elements are not conspicuously 
smaller than those lying towards within. The larger tracheze appear to possess 
multiseriate pits (fig. 40, t7.), while the smaller are scalariform. The pith is very 
extensive, but too imperfectly preserved for any opinion to be formed as to its true 
nature. 

The stele is surrounded on the outside by a very distinct line of delimitation 
formed by one or rarely two layers of dark, thick-walled cells (figs. 35 and 36, 0.en.). 
These cells are no doubt the equivalent of the endodermis. This endodermis and 
in consequence the whole stele is interrupted by the departure of each leaf-trace, 
which leave unusually wide gaps. The outer endodermis turns inward round the 
margins of the leaf-gap and passes along the sides of the xylem strands that border it 
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until it reaches the pith, where it becomes an internal endodermis running just inside 
the vascular ring and following closely the inner contour of the xylem strands 
(fig. 36, a.en.). The internal endodermis curves deeply outwards into each 
medullary ray, and it also passes far into the concavities of the arch-shaped xylem 
strands (fig. 36). At the departure of each leaf-trace it communicates with the 
outer endodermis round the margins of the leaf-gap. Thus, so far as the endo- 
dermis is concerned, the vascular ring is divided up into a number of separate 


M.8. 


Mb. 
Texr-Fric. 3.—Osmundites Carnieri, Schuster, Arrangement of meristeles(M. 1 to M. 8) in the type section 
described by Schuster. The endodermis is shown by dotted lines, x 2}. 


meristeles each containing a varying number of xylem strands (fig. 35, and text- 
fig. 3, M.). 

At one point in the vascular ring (w in fig. 35) there is a somewhat irregularly 
shaped strand of xylem on the inside of which are two separate masses of xylem which 
appear to have been nipped off from its inner margin. As shown in the enlargement 
(fig. 38, a’, x’), each of these is completely surrounded by the internal endodermis. 
Special significance is attached to this phenomenon because it offers a possible ex- 
planation of the presence of a group of somewhat similar internal vascular strands 
in Osmundites Skidegatensis described in Part I. of this memoir,* and there regarded 


* Trans. Roy. Soc. Edin., vol. xlv. p. 772, pl. iv. fig. 28, 1907. 
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as a puzzling and unaccountable anomaly. Indeed, the whole construction of the 
stem of Osmundites Carniert is highly suggestive of that of O. Skidegatensis, except 
that in the latter there is no internal endodermis, although a well-developed internal 
phloem is present (/.c., Pl. V. figs. 24 and 27). Unfortunately, in Osmundites Carmert 
no trace of the phloem is preserved even on the outside of the stele, where it un- 
doubtedly must have existed. Although there is rather less space left for it between 
the endodermis and the xylem on the inside of the vascular ring than on the outside, 
it is probable that the phloem followed the endodermis all round the inner surface of 
each separate meristele as well as on the outer. If this should be proved to be the 
case, Osmundites Carniert would be shown to possess the first and only dictyostelic 
stem yet discovered in the Osmundacee. Further, when Osmundites Skidegatensis 
is taken into account, it suggests that in the past the Osmundacee have attempted 
an advance in their stem anatomy along lines of their own in the direction of a 
polycyclic vascular system such as has been attained in other orders of the Filicales. 

The cortex of the stem is very wide, constituting about a third of its whole 
diameter (30 mm.). It appears to consist of an inner parenchymatous and an outer 
sclerotic cortex, but the preservation is too imperfect to show the relative proportions 
of the two zones. Numerous leaf-traces are cut across in their passage out through 
the cortex. They are large and distinctly curved even in close proximity to the 
stele. Nevertheless they remained arch-shaped throughout, and their extremities are 
not curled inwards even in those nearest the periphery of the stem (fig. 35, /.). 


THE Roots. 


The root steles arise from the leaf-traces and continue to do so even when the 
latter are far out in the cortex. They depart from the back of the leaf-trace in the 
median plane. One root, however, was seen to arise directly from the stele of the 
stem. They obtain a cortex of their own soon after their departure. In the region 
of the root coating they possess a very stout and broadly oval diarch xylem strand 
(fig. 39). The outer region of the cortex was thin-walled and has disappeared, leaving 
a clear zone in the matrix to indicate its former presence. Within this comes a zone 
of dense, thick-walled cells. 

Locality.—* Auf dem Wege von Villa Rica nach der Siedelune Mbuvevo in zwei 
Bichen nahe am Fusz des Gebirges.” South Paraguay. 

Horizon.—Uneertain. According to ScHusrER, the age limit of the beds under 
discussion lies between the Jurassic and the Tertiary. 


Osmundites sp. 


This specimen, communicated to us by Professor M. BENSon, was in such a poor 
state of preservation that the vascular system was almost completely destroyed 


throughout the fossil and no detailed description of its structure is possible. 
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As a result of a dichotomy the specimen contains two stem axes that are each 
surrounded by a coating of leaf-bases. The stem of the larger axis is about 15 mm. 
in diameter and its stele about 5 mm. The latter contains about eighteen xylem 
strands of the ordinary Osmundaceous type. 

The coating of leaf-bases does not exhibit any zones of Aol leaves. A few of 
the outer leaf-bases are fairly well preserved and contain typical Osmundaceous leaf- 
traces. The elements of the sclerotic rings are homogeneous throughout (text-fig. 4). 
There is a stout mass of sclerenchyma in the concavity of each of the incurved ends 
of the leaf-trace and a main series of separate irregularly shaped sclerotic strands in 
each wing of the stipule. Of these the one nearest the sclerotic rmg is considerably 


Trext-Fic. 4,—-Diagrammatic restoration of stipular base of the petiole of Osmundites sp. from Queensland, 


larger than the others, which diminish in size towards the margin of the stipular 
wing. A few smaller strands also occur scattered in the substance of the stipule in 
the neighbourhood of the sclerotic ring. 

Locality.—Oakey Creek, twenty miles west of Toowoomba in 8.E. Queensland 
(the Darling Downs district). 

Horizon.—? Miocene. 


Osmundites sp. 


The specimen, which was about 11 cm. in diameter, contained two stems which 
had arisen from a dichotomy at a lower level. They are surrounded by a very thick 
coating of leaf-bases without any zones of scale leaves. The stem is about 30 mm. 
in diameter and the stele, which was very badly preserved, about 8mm. It contamed 
about eighteen xylem strands of the ordinary Osmundaceous type. The cortex con- 
sisted of two zones, the inner narrow and thin-walled, the outer comparatively stout 
and sclerotic. The leaf-bases contained a narrow sclerotic ring of homogeneous 
elements and possessed stipular wings which are, however, so badly preserved that 
the arrangement of the sclerenchyma cannot be made out. 

Locality.—Coleron. Near the sea on the river Fitzroy; seventy miles from 
Rockhampton, Queensland. 

Collected by M. THozer in 1870. 

Horvon.—? Tertiary. 
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Osmundites sp. 


1889, Psaronius Huttonianus, Crié in Dames and Kayser, Palaeont. Abhandl., Neu Folge, 
Bd. i., Heft 2, p. 11, pl. vii. (xv.) figs. 1-5. 


Professor Srwarp has called our attention to a description of a fossil stem under 
the name of Psaronius Huttonianus. This species appears to be founded on a very 
badly preserved specimen of Osmundites, the stem of which has almost entirely 
disappeared. The only recognisable part of the plant is the coating of leaf-bases. 

Locality and Horizon.—‘Im Suden von Neuseland in Trias-jura-schichten von 
Toi-Toi und Mataura.” 


DESCRIPTION OF THE FIGURES. 
Osmundites spetsbergensis, Nathorst MS. 
Prate XLI. 


Fig. 1. Surface view of the specimen that contained the leaf-coating before the sections were cut ; 
natural size. 

Fig. 2. General view of a transverse section of the same. At a the outline of a stipular leaf-base is 
distinctly seen: at R the zone of decurrent roots. x5. (Slide 2320.) 

Fig. 3. General view of another transverse section of same specimen. R, the root zone; s.s., solenostelic 
fern rhizomes creeping in the disintegrated outer region. x3. (Slide 2318.) 

Fig. 4. The smallest and innermost leaf-trace. The xylem strand is oval. x50. (Slide 2320.) 

Fig. 5. A leaf-trace further out. The leaf-trace is curved, but the sclerotic strand in its concavity is 
single. x50. (Slide 2318.) 

Fig. 6. A leaf-trace still further out. The sclerotic strand is divided into two masses. x 50. 
(Slide 2320.) 

Fig. 7. One of the outermost traces. x22. (Slide 2318.) 


Puate XLII. 


Fig. 8. A portion of a stipular leaf-base showing the sclerotic ring with the specialised lateral masses 
of sclerenchyma; scl’. x15. (Slide 2319.) 

Fig. 9. Margin of the same sclerotic ring showing the contrast between the two types of sclerenchyma. 
x90. (Slide 2319.) 

Fig. 10. Leaf-trace of a smaller petiole showing the type of the sclerenchyma in its concavity. x 10. 
(Slide 2324.) 

Fig. 11. The wing of the stipular leaf-base showing the continuous strand of sclerenchyma it contains. 
x 80. (Slide 2325.) 

Fig. 12. Transverse section of about one-half of the largest free petiole found in the peat-like material. 
x22. (Slide 2326.) 

Figs. 13 and 14. Transverse sections of smaller petioles. x22. (Slides 2327 and 2328.) 

Fig. 15. Transverse section of a small petiole with the ground tissue all sclerotic. x50. (Slide 2331.) 

Fig. 16, Transverse section of a winged region of the rachis. x22. (Slide 2322.) 

Figs. 17 and 18. Transverse sections of pinnz showing midribs and portions of the laminez, x 27. 
(Slides 2321 and 2334.) 

Fig. 19. Transverse section of the lamina showing the structure of the mesophyll. x100. (Slide 2333.) 

Fig. 20. Transverse section of the lamina showing the epidermis. x100. (Slide 2333.) 


Fig. 21. Transverse section of the lamina showing the chloroplasts in the palisade tissue. x 225. 
(Slide 2331.) 
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Puate XLIII. 


Fig. 22. An obliquely tangential section of a lamina showing the palisade tissue at a and the spongy 
tissue at b. «100, (Slide 2333.) 

Fig. 23. A section tangential to the lamina showing the under epidermis and stomata. x 85. 
(Shde 2332.) 

Fig. 24. The same more highly magnified. x150. (Slide 2332.) 

Figs. 25 and 26, Transverse sections of petioles just below the point of branching. x27. (Slide 2323.) 

Fig. 27. Transverse section of a branching petiole with the branch trace just free. x27. (Slide 2329.) 

Figs, 28, 29, and 30, Transverse sections of midribs of pinne showing branching ; 07., vascular supply 
of branch. x100. (Slides 2333 and 2334.) 

Fig. 31. Transverse section of a midrib just before giving off a branch. The protoxylem of the mother 
rachis on the side of the branch has become mesarch. x 100. (Slide 2334.) 

Fig. 32. Transverse section of a root. x67. (Slide 2319.) 

Fig. 33, A section approximately longitudinally tangential to the surface of a sporangium showing the 
line of dehiscence. x85. (Slide 2330.) 

Fig. 34. Sections of sporangia cutting the annulus along its length. x50. (Slide 2331.)* 


Puiate XLIV. 
Osmundites Carniert, Schuster. 


Fig. 35. Part of the transverse section of the stock. J.t., /.t., leaf-traces in the cortex ; 0,en., endodermis 
on the outside of the vascular ring ; 7m.en., endodermis on the inside of the vascular ring. , strand shown 
at fig. 38. x18. The root coating is not included in the figure. x2°5, (Slide 2342.) 

Fig. 36. Portion of the vascular ring showing the departure of a leaf-trace. Lettering as before. The 
internal endodermis curves outwards into the medullary rays (m.r.) and into the concavities of the xylem 
strands. x 10. 

Fig. 37, The inner portion of a xylem strand showing the internal endodermis. x 30. 

Fig. 38. The anomalous xylem strand seen at w in fig. 35, The small strands on the inside (2’, x’) are 
separate from the main mass and each surrounded by its own endodermis, x 18. ji 

Fig. 39. Transverse section of a root. x 30. 

Fig. 40. Portion of fig. 37 more highly magnified ; ¢r., multiseriate trachez. x 55.7 


* Specimens shown at figs. 1-11, 15, 21, 32 from Van-Mijensberg ; those at figs, 12-14, 16-20, 22-31, 33 and 34 
from Nordenskiéldsberg, 

+ We beg to acknowledge our indebtedness to the Executive Committee of the Carnegie Trust for a grant to 
defray the cost of the plates illustrating this part of our memoir on the Fossil Osmundacez. 
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XVII.—Studies on the Pharmacological Action of Tetra-Alkyl-Ammonium 
Compounds. By Professor C. R. Marshall. 


(Read December 15, 1913. MS. received July 17,1914. Issued separately February 26, 1915.) 


III. THE ACTION OF METHYL-ETHYL-AMMONIUM CHLORIDES. 


In view of the differences observed in the pharmacological action of tetra- 
methyl- and tetra-ethyl-ammonium chlorides, it seemed of interest to investigate 
the actions of the methyl-ethyl-ammonium compounds. ‘The chlorides of these 
compounds—namely, tri-methyl-ethyl-ammonium chloride, di-methy]-di-ethyl- 
ammonium chloride, methyl-tri-ethyl-ammonium chloride—were kindly prepared 
for me by Dr J. E. Mackenzie, who has published the mode of preparation and 
the analysis of them.* 

The only references Ihave found to the pharmacological action of the members 
of this series are brief statements by TaPPEINER t and BoruM.{ TappEINER says that 
tri-ethyl-methyl-ammonium chloride, unlike tetra-methyl-ammonium chloride, does 
not produce temporary paralysis of the respiration ; BorHm that tri-methyl-ethyl- 
ammonium chloride, like tetra-methyl-ammonium chloride, causes contracture of 
an isolated frog’s muscle when a solution is applied to it. In a later communication 
Borum § gives a table of the concentration limits of certain substances which just 
fail to produce a maximal paralysis of the myo-neural junction. In this the follow- 
ing percentages are given to members of the series included in the present investi- 
gation : tetra-methyl-ammonium chloride, ‘005 per cent. ; tri-methyl-ethyl-ammonium 
chloride, ‘015 per cent. ; tetra-ethyl-ammonium chloride, ‘125 per cent. 

The solutions used in the investigation were mainly isotonic solutions and 
solutions of the same electrical conductivity, or these diluted with 0°6 per cent. 
sodium chloride or Ringer’s solution. Owing to the hygroscopic nature of the 
substances the strength of the solutions was determined by estimating the amount 


Percentage Percentage 
SEER. F Bindi: Calculated. 
Sodium chloride ‘ ; ; , : 0-895 ae 
Tetra-methylammonium chloride. 5 1-76 1°68 
Tri-methyl-ethy] ammonium chloride ‘ 2°20 1:90 
Di-methyl-di-ethyl ammonium chloride. 2°53 211 
Methyl-tri-ethyl-ammonium chloride . : 301 2°33 
Tetra-ethyl-ammonium chloride : : 3°45 2°54 


of chloride by VotHarp1’s method. The table above shows the strengths of 


* Journ. f. prakt. Chem., xxxiv. p. 549 [1911]. I desire to express my thanks to Dr Mackenzie for this service. 
t Arch. f. exp. Path. wu. Pharmak., xxxvii. p. 349 [1896]. 

{ Ibid., lviii. p. 267 [1908]. § Ibid., Ixiii. p. 224 [1910]. 
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the solutions possessing the same conductivity as 0°895 per cent. sodium chloride ; 
and in a parallel column the strengths calculated on the assumption that the 
compounds are ionised to the same extent as sodium chloride. 

It will be seen that there is a diminution in the degree of ionisation as we pass 
from tetra-methyl-ammonium chloride to tetra-ethyl-ammonium chloride. BREpIG* 
found that tetra-ethyl-ammonium hydroxide was ionised to a smaller extent than 
tetra-methyl-ammonium hydroxide. 


GENERAL ACTION. 


The relative toxic effects of these substances have been investigated on frogs by 
injecting isotonic solutions or these diluted with Ringeyr’s solution into the dorsal 
lymph-sac, and by observing the effect on tadpoles of known concentrations of the 
different substances. The effects produced were, relative to the actions of tetra- 
methyl-ammonium chloride and tetra-ethyl-ammonium chloride, broadly those which 
might have been expected from the chemical composition of the respective sub- 
stances. Tri-methyl-ethyl-ammonium chloride in effective doses produced paralysis, 
and rarely a few early muscular twitches; di-methyl]-di-ethyl-ammonium chloride 
caused chiefly paralysis, with somewhat more distinct evidence of increased 
irritability of the motor nerve endings; methyl-tri-ethyl-ammonium chloride caused 
slight irregular muscular movements and tremors, followed, when sufficient doses 
were given, by paralysis. The following brief protocols of a series of experiments, 
made on the same day on winter frogs of the same batch kept under the same 
conditions, indicates the relative intensities of their actions. The frogs weighed 
31 to 34 grammes each, and the dose injected into the dorsal lymph-sac was 0°5 c.c. 
of an equi-conductivity solution in each case. 

Tri-methyl-ethyl-ammonium Chloride.—0'18 mg. per gramme of frog. ‘Two anda 
half minutes, submandibular movements ceased. Hight minutes, twitch of thigh 
muscles. Fifteen minutes, paralysed. No recovery occurred. 

Di-methyl-di-ethyl-ammonium Chloride.—0°22 mg. per gramme of frog. Six anda 
half minutes, submandibular movements ceased. Highteen minutes, recovered from 
back position after several attempts. Thirty minutes, did not recover from back position 
although many efforts made. Sixty minutes, still laid on back ; moves when probed 
with pencil; respiration somewhat more distinct. Highty minutes, made few 
spontaneous movements of a tremulous character. Twenty hours, has turned over 
during night; bears back position; made few attempts, marked by irregular 
muscular movements, to recover. Third day, still on back; irregular muscular 
contractions produced by stimulating with pencil. Died on following day. 

Methyl-tri-ethyl-ammonium Chloride.—0'25 mg. per gramme of frog. Forty-five 
minutes, no noticeable symptoms. Fifty minutes, recovered from back position 
once but not twice; movements exhibited tremors; recovered from back four 


* Zeitschr. f. physik. Chem., xiii. p. 299 [1894]. 
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minutes later. Fifty-five minutes, moving about; tremors present. Sixty minutes, 
recovered once but not twice from back position. Seventy minutes, still on back. 
Twenty hours, moves sluggishly and shows slight tremors on probing ; otherwise 
normal. 

Tetra-ethyl-ammonium Chloride.—The same dose given on the same occasion 
produced similar symptoms to those last described, except that fibrillary tremors 
were more marked. An injection of tetra-methyl-ammonium chloride was not made 
on this occasion, but, as stated in a previous paper, paralysis, and very rarely slight 
transient tremors, are produced by 0°006 mg. per gramme of frog. 

The relative activity of these substances is also seen in the following tables. 


Effect of 0°1 mg. per gramme body-weight. 


Tetra-methyl-ammonium chloride : 3 Paralysis in two minutes. 
Tri-methyl-ethyl-ammonium chloride : : Paralysis in five minutes. 
Di-methyl-di-ethyl-ammonium chloride. : Slight depression, no paralysis. 
Methyl-tri-ethyl-ammonium chloride . 3 ; Sometimes few slight tremors. 
Tetra-ethyl-ammonium chloride : ; Well-marked tremors. 


The minimal dose producing a degree of paresis sufficient to prevent the animal 
turning over when placed upon the back was found to be as follows :— 


Minimal Dose inducing Paresis. 


Tetra-methyl-ammonium chloride . ; : ‘ 6:005 mg. per gramme body-weight. 
Tri-methyl-ethyl-ammonium chloride. : OL” 4, 3 f 
Di-methyl-di-ethyl-ammonium chloride . : . OFS... 5 % 99 
Methyl-tri-ethyl-ammonium chloride. : : 0:2 i 3 93 
Tetra-ethyl-ammonium chloride. : : 0-2 » ” ” 


The smallest doses necessary to produce a similar degree of paralysis, manifest 
in the same way, in five and fifteen minutes respectively, is shown in the following 
table. The figures refer to milligrammes per gramme body-weight of frog :— 


Doses inducing Paresis in five minutes and fifteen minutes. 


5 mins. 15 mins. 
Tetra-methyl-ammonium chloride. ; 0-02 mg. per g. 0:006 mg. per g. 
Tri-methyl-ethyl-ammonium chloride ; : 0:06 ,, 3 0-015 ,, ss 
Di-methyl-di-ethyl-ammonium chloride. : (U5 i . 0525" 6 - 
Methyl-tri-ethyl-ammonium chloride . : 4 15) . 0:5 i 
Tetra-ethyl-ammonium chloride : ‘ : 10% a 0-4 sade ep 


In some experiments larger doses than those mentioned were administered without 
producing paresis, or paresis within the stated time. The figures given indicate the 
average relative activity of the various compounds as observed in a number of 
experiments with varying doses. Considerable variation in the action of all the 
substances was observed in different frogs and at different times. Small frogs were 
more sensitive than large frogs in proportion to the body-weight; and frogs tested 
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during the spawning season seemed to be less sensitive than frogs tested at other 
times. But in all probability the variations were largely due to differences in the 
rate of absorption into the blood and in diffusion along the lymph-sacs. The latter 
mode of dissemination seemed to play an important part in many experiments with 
tetra-ethyl-ammonium chloride especially. 

A noteworthy point seen in all the comparative experiments, and brought out in 
the tables, is the marked diminution in activity of di-methyl-di-ethyl-ammonium 
chloride as compared with tri-methyl-ethyl-ammonium chloride. A similar marked 
but more qualitative change occurs in passing from tetra-ethyl-ammonium chloride 
to methyl-tri-ethyl-ammonium chloride. The most characteristic feature of tetra- 
ethyl-ammonium chloride intoxication in frogs is fibrillary tremors and coarse, 
irregular muscular movements. These are more rarely seen, and when present are 
much less pronounced in intoxications with other members of the series. They have 
been most common and most distinct with methyl-tri-ethyl-ammonium chloride, and 
least frequent and most transient with tetra-methyl-ammonium chloride, the other 
two members occupying an intermediate position. 

Effect on Tadpoles.—The effects obtained on tadpoles by placing them in known 
concentrations of the substances were similar to those seen in frogs, paralysis being 
the most obvious symptom; with tetra-ethyl-ammonium chloride, fine fibrillary 
tremors of the tail were often noticed. Large tadpoles are much less susceptible 
to these substances than small tadpoles, even when body-weight is taken into 
consideration, and consequently they are not so well adapted for comparative 
experiments. Solutions of various concentrations were used, but it will suffice to 
give the results obtained from the most concentrated, except in the case of tetra- 
methyl-ammonium chloride and tri-methyl-ethyl-ammonium chloride, isotonic 
solutions of which produced immediate paralysis. The time of onset of the paralysis, 
as shown mainly by the cessation of spontaneous movements, seemed to be the most 
delicate index of the relative activity of these compounds, and this is given for small 
tadpoles of approximately uniform size with the concentrations named in the 
following table :— 


Time of Onset of Paralysis in Tadpoles. 


Tetra-methyl-ammonium chloride . ; , ; : 0°17 per cent., 5 mins. 
Tri-methyl-ethyl-ammonium chloride. ; : O38. >; CaN 
Di-methyl-di-ethyl-ammonium chloride . ; : : 1-4 - Dae 
Methyl-tri-ethyl-ammonium chloride. : : 16 5 LOW 
Tetra-ethyl-ammonium chloride. : ‘ ; 17 es 60 ,, 


The tadpoles in the bath of methyl-tri-ethyl-ammonium chloride moved more 
vigorously than those in the tetra-ethyl-ammonium chloride at the end of thirty 
minutes, but, as the table shows, they were paralysed earlier. 
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EFFECT ON CIRCULATION AND RESPIRATION. 


In the two previous communications * it was shown that tetra-methyl-ammonium 
chloride in doses of one milligramme intravenously injected into anzsthetised rabbits 
or cats caused temporary paralysis of the respiration and a fall of blood-pressure, 
usually accompanied by diminution in the frequency of the heart beats, and that 
tetra-ethyl-ammonium chloride in much larger doses failed to produce these effects. 
It was only when very large doses of tetra-ethyl-ammonium chloride were injected 
that some similarity in the action of the two substances was found to exist, such 
doses producing a fall of blood-pressure, paralysis of the respiration, and depression 
and even paralysis of the nerve-endings in the respiratory muscles, an effect which 
I regard as the chief factor in the production of the respiratory paralysis caused by 
tetra-methyl-ammonium chloride. 

The effects produced by the various methyl-ethyl-ammonium chlorides on the 
circulation and respiration are broadly those which we might expect from their 
chemical relationship to tetra-methyl- and tetra-ethyl-ammonium chlorides. It is 
difficult to determine with accuracy the relative activity of the various compounds, 
partly owing to differences in susceptibility of different animals and partly owing to 
the fact that in the same animal later injections may be modified to some extent by 
previous ones. But the following broad features are readily demonstrable: the 
action of methyl-tri-ethyl-ammonium chloride is very similar to and slightly more 
powerful than that of tetra-ethyl-ammonium chloride ; the action of tri-methyl-ethyl- 
ammonium chloride is similar to but less powerful than that of tetra-methyl- 
ammonium chloride; di-methyl-di-ethyl-ammonium chloride holds an intermediate 
position, but approaches in activity more closely to methyl-tri-ethyl-ammonium 
chloride than to tri-methyl-ethyl-ammonium chloride. 

The following experiment is typical of those made. A cat, weight 3200 g., was 
anesthetised with chloroform, followed by ether; the blood-pressure in the right 
carotid artery and the respiration, by means of a phrenograph attached to a 
tambour, were recorded ; the substances were injected into the right external jugular 
vein. ‘Three successive injections are shown in fig. 1. Prior to the first injection 
shown, two injections of 0°01 g. and 0°02 g. respectively of methyl-tri-ethyl- 
ammonium chloride were given. The smaller injection caused a slight fall in blood- 
pressure (140 mm. Hg to 128 mm. Hg) and slight slowing and diminution in 
frequency of the respiration (31 mm. to 22 mm. in height of tracing ; 10 to 9 respira- 
tions in twenty seconds). The second injection caused a fall of blood-pressure from 
142 mm. Hg to 134 mm. Hg, and of respiratory extent from 25 mm. to 17°5 mm.; 
the frequency was not appreciably altered. The first injection shown in the figure 
was given ten minutes after the previous injection ; that shown in the second part 
of the figure seven minutes later; and the last injection twenty minutes later. It is 


* Trans. Roy. Soc, Edan., vol. 1., pt.i., p. 17 [1913]. Ibid, pt. ii., p. 379. 
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seen that the injection of 50 mg. of methyl-tri-ethyl-ammonium chloride produced 
little effect. There is no distinct fall of blood-pressure and no distinct slowing of the 
heart ; the respirations are diminished in extent, but the rate is uninfluenced. (It is 
evident from the effects produced by smaller doses previously administered, that if 
this quantity had been given at first a greater effect would have been produced in 
this animal, but the comparison with the subsequent injections would have been there- 
by to some extent invalidated.) The next injection of 27 mg. of di-methyl-di-ethyl- 
ammonium chloride caused, as seen in the middle portion of the figure, a slight fall 
of blood-pressure and a marked diminution in the extent of the respirations. The 
respiration was not completely paralysed ; but, owing to a rapid fall of blood-pressure 
which occurred, the commencement of which is shown in the figure, normal respira- 
tion did not re-establish itself, and artificial respiration for a time became necessary. 
The third portion of the figure shows the effect of injecting 9 mg. of tri-methyl-ethyl- 
ammonium chloride. Some fall of blood-pressure, without obvious slowing of the 
frequency of the heart, and rapid paralysis of the respiration followed. When the 
blood-pressure had reached a low point artificial respiration was performed and 
spontaneous breathing obtained, but the blood-pressure again fell rapidly, the 
breathing ceased, and the animal succumbed. 

In rabbits, similar but somewhat greater effects were seen; but neither in these 
animals nor in cats was any distinct slowing of the heart’s frequency observed such 
as occurs after the injection of tetra-methyl-ammonium chloride. 

The only noteworthy variations from the action described were a temporary 
increase in respiratory activity preceding the depression and a transient rise of blood- 
pressure preceding the fall. The latter was only met with after the administration 
of di-methyl-di-ethyl-ammonium chloride, and only in one animal (fig. 2). As will be 
seen from the figure, the rise became greater with increase of dose. The action, 
however, is probably not peculiar to this methyl-ethyl-compound, but is due to 
certain undetermined conditions associated with particular animals or particular 
states, and is not improbably connected with a refractory condition towards 
anesthetics. Tetra-methyl-ammonium chloride causes a rise of blood-pressure in 
non-anesthetised decerebrate animals, and occasionally it induces a small and 
transient preliminary rise before the fall of blood-pressure in anzsthetised animals. 
As the fall of blood-pressure was found to be largely peripheral in origin, the rise of 
blood-pressure was attributed to an effect on the vaso-motor centre; and the associa- 
tion of increased respiratory activity concurrent with the rise of blood-pressure in 
the tracing of di-methyl-di-ethyl-ammonium chloride shown, would also seem to 
point to a central action. The diminished parallelism between the two effects seen 
in the third portion of the figure may be due to depression of the nerve-endings in 
the respiratory muscles and consequent interference with respiratory activity. The 
appearance of the tracing, however, is also suggestive of a vascular effect of periph- 
eral origin, and that such an action is not improbable is further suggested by 
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certain unusual effects obtained in anzesthetised animals with tetra-methyl-ammonium 
chloride. On a few occasions out of more than a hundred injections of this substance 
a very marked immediate rise has occurred. The greatest of these is shown in 
fig. 3. It was obtained in an anesthetised rabbit after intravenous injections of 
25 mg. and 50 mg. of tetra-ethyl-ammonium chloride and 30 mg. and 50 mg. of 
methyl-tri-ethyl-ammonium chloride had been successively given, and all of which 
caused a fall of blood-pressure. The form of the tracing strongly suggests a vascular 
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Fic. 3.—Unusual rise of blood-pressure produced by 2 mg. tetra-methyl-ammonium chloride in 
anesthetised rabbit after previous injections of large doses of tetra-ethyl- and methyl-tri- 
ethyl-ammonium chlorides, Letters as in fig. 1. 


effect of peripheral origin; but, owing to the rarity with which it has occurred and 
the difficulty of determining the conditions which induce it, it has not been possible 
to determine the point. 

The temporary increase in respiratory activity prior to the depression has been 
most evident after injections of tri-methyl-ethyl-ammonium chloride (fig. 4). A 
slighter stimulant effect has occurred after the administration of di-methyl-di-ethyl- 
ammonium chloride (fig. 2), and on one occasion a still slighter apparent stimulation 
occurred after an injection of methyl-tri-ethyl-ammonium chloride. A brief stimula- 


tion of the respiration may also follow the injection of tetra-methyl-ammonium 
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chloride, and in the case of decerebrate animals powerful stimulation may occur; but 
no similar effects either on anzesthetised or decerebrate animals have been obtained 
with tetra-ethyl-ammonium chloride. This preliminary stimulation in animals in 
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Fic. 4, —Effect of tri-methyl-ethyl-ammonium chloride showing transient stimulation of respiration. Rabbit, 1700 g, 


Ether, Letters asin fig. 1. First part of figure shows effect of injecting 8 mg., the second part of injecting 5 mg. 
into right facial vein. 


which it occurred was also obtained after division of both vagi, and it would seem 
to be due to an increased activity of the respiratory centre induced by the 
substance. 

Apart from the stimulant action on the vagal terminations, which appears to be 
peculiar to tetra-methyl-ammonium chloride, the action of the various alkyl- 
ammonium compounds investigated is similar in character, although varying pro- 
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foundly in intensity. The fall of blood-pressure and the depressant effect on the circu- 
lation do not run a parallel course, and the two effects are largely independent. 


Errect on [sotatep Muscie oF F Roc. 


The effect of these quaternary compounds on the isolated frog’s muscle presents 
some features of interest which bear upon the mode of action of these substances. 
The experiments were made on the sartorius and gastrocnemius at rest and during 
periodic stimulation with a break faradic current. The apparatus used to record 
the effect on unstimulated muscles consisted of a small rectangular glass vessel with 
holes bored at the ends, through which were fitted corks carrying a small hook and 
a piece of fine thermometer tubing respectively. The hook transfixed the patellar 
tendon, and a silk thread—fastened through the acetabulum in the case of the 
sartorius preparation, and through the tendo Achillis in the case of the gastro- 
cnemius—passed along the bore of the thermometer tubing and over a pulley in 
line with it to a writing-lever which recorded the movements. The writing-lever 
magnified the contractions five times. The sartorius in most experiments was 
weighted with half to one gramme, the gastrocnemius with five grammes. When 
the muscle was stimulated with a break faradic current through its length, Wixp’s 
apparatus * was used and the movements were magnified nine times. ‘The solu- 
tions employed were isotonic or of equal electrical conductivity, with 0°6 per cent. 
sodium chloride. 

When the sartorius or gastrocnemius muscle of a frog is steeped in 0°6 per cent. 
sodium chloride solution or in Ringer’s fluid for some time and then subjected to a 
similar isotonic solution containing 0°1 per cent. tetra-methyl-ammonium chloride, 
immediate contracture, as described by BoruM,} is produced. The extent of the 
contraction is greater with the sartorius than with the gastrocnemius, apparently 
owing, in the main, to its greater length and the more longitudinal arrangement 
of its fibres. The contracture is followed by a somewhat rapid and complete 
relaxation in the case of the sartorius, and by a much more gradual, sometimes 
incomplete, relaxation in the case of the gastrocnemius. 

A similar contracture occurs when the muscles are immersed in solutions of 
tri-methyl-ethyl-ammonium chloride, a fact also mentioned by Borum.{ The effect 
is less powerful than that obtained with equimolecular solutions of tetra-methyl- 
ammonium chloride, and greater concentrations are needed to produce a minimal 
effect. The limit concentration producing an appreciable contracture in my 
experiments with the sartorius muscle was, for tetra-methyl-ammonium chloride, 
0°00001 per cent.; for tri-methyl-ethyl-ammonium chloride, 0°00005 per cent. 

This contracture is not obtained from the sartorius with any strength of solution 
up to slightly hypertonic of any other members of the series. If, however, an 


* Brit. Med. Journ., 1887, ii. p. 500. + Arch. f. exp. Path, u. Pharmak., lviii. p. 267 [1908]. 
t Loe. cit. 
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isotonic solution of di-methyl-di-ethyl-ammonium chloride containing 5 to 10 per 
cent. alcohol, a strength of alcohol which in itself does not induce contracture, is 
applied to the muscle, contracture, sometimes marked, is produced. With isotonic 
solutions of methyl-tri-ethyl-ammonium chloride containing a similar percentage of 
alcohol, slight contracture results. The addition of the same quantity of alcohol 
to an isotonic solution of tetra-ethyl-ammonium chloride elicited no contracture of 
the muscle. 

The previous immersion of the muscle in an isotonic solution of di-methyl-di- 
ethyl-ammonium chloride, methyl-tri-ethyl-ammonium chloride, or tetra-ethyl- 
ammonium chloride prevents the contracture ordinarily produced by tetra-methyl- 
ammonium chloride. The contracture also fails to appear if the muscle be subjected 
to subminimal concentrations of tetra-methyl-ammonium chloride and the concen- 
tration be gradually increased, and, as BorumM™* showed, if it be previously submitted 
to a solution of curarin. In my experiments 0°25 per cent. curarin was employed, 
and the muscle was immersed in it for five minutes. 

In order to determine further the conditions associated with this contracture, a 
considerable number of experiments were made with the sartorius of the frog. It 
was found that the best contracture was obtained when the sartorius, after excision, 
was allowed to remain immersed in 0°6 per cent. sodium chloride in distilled water 
for fifteen minutes or more, and then submitted to a solution isotonic with it and 
containing about 0°3 per cent. tetra-methyl-ammonium chloride. Under these 
conditions the muscle contracts immediately on the addition of the tetra-methyl- 
ammonium chloride solution and quickly reaches the height obtained with a 
moderately powerful electrical stimulus (cf. upper tracings of figs. 5 and 6). This 
extreme contraction may be maintained for ten to twenty seconds, then relaxation, 
usually rapid at first and often somewhat spasmodic in character, sets in, and the 
base line is reached within three to four minutes. If the muscle be allowed to 
remain in the solution no further obvious action occurs, and it is still irritable to 
moderately powerful electrical stimuli after an immersion of twenty-four hours or 
more (cf. fig. 8). 

It has already been stated that the smallest concentration of tetra-methyl- 
ammonium chloride producing contracture was found to be 0°00001 per cent. 
Greater concentrations than this produce a correspondingly greater amount of 
contracture, until a concentration of about 0°3 per cent. is reached. Further increase 
of concentration produces no increased effect, indeed an isotonic solution (1°2 per 
cent.) usually induces a somewhat smaller effect. 

If the sartorius were not immersed in a saline solution but subjected to the action 
of a solution of tetra-methyl-ammonium chloride immediately after being arranged 
in the muscle-chamber, no contracture resulted. This experiment was repeated many 
times under varying conditions and with different concentrations of tetra-methyl- 

* Arch. f. exp. Path. u. Pharmak., lviii. p. 267 [1908]. 
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ammonium chloride, from hypertonic (1°7 per cent.) to one-tenth this strength, with 
practically uniform results. Only on few occasions with the diluter solutions was a 
slight, almost inappreciable, contraction obtained. In all cases the corresponding 
muscle of the opposite side, which had been allowed to soak in a normal saline 
solution for some time, gave, when treated with the same percentage solution of 
tetra-methyl-ammonium chloride, a marked contraction. The preparation and 
arrangement of the muscle from the time of pithing occupied about ten minutes, and 
it was thought that the slight drying of the muscle occurring during the manipula- 
tion might be the cause of this negative result, especially as a good contracture was 
obtained by treating the gastrocnemius in a similar manner ; but this factor, although 
probably important, does not afford the whole explanation, since a sartorius steeped 
in 0°6 per cent. sodium chloride solution for seventeen minutes and then allowed to 
dry for half an hour, at the end of which time it appeared much drier than the 
muscles freshly excised, gave a good, although much less than normal, contracture on 
immersion in a tetra-methyl-ammonium chloride solution. Moreover, a sartorius 
immersed in a solution of a non-electrolyte—a solution of mannite was used—also 
showed no contracture when subjected to the action of tetra-methyl-ammonium 
chloride solution. In these cases the muscle when stimulated with a moderately 
strong faradic current (secondary coil at 12-14 cm. or 600 Kronecker units; one 
accumulator cell) previous to immersion in the tetra-methyl-ammonium chloride 
solution, failed to contract ; but contraction was sometimes obtained with the strongest 
stimulus the coil would give. If the strength of the tetra-methyl-ammonium chloride 
solution be not greater than 0°3 per cent., continued immersion is followed by the 
appearance of irritability, often as marked as in a muscle immersed in Ringer’s 
solution. The irritability afterwards gradually diminishes. BorHm™ remarks that if 
the muscle—he worked with the semimembranosus and gastrocnemius—is not quite 
fresh, if it has lain for half to one hour under moist filter-paper, contracture does not 
oceur. I have not observed complete absence of contracture in the case of the 
gastrocnemius ; even when this muscle was allowed to remain in the moist chamber 
three hours before being subjected to the action of a tetra-methyl-ammonium chloride 
solution, a slight contracture was obtained. 

A few experiments were made to determine the time of immersion in 0’6 per cent. 
sodium chloride solution necessary to produce the maximum contracture of a sartorius 
subjected to the action of tetra-methyl-ammonium chloride. This was found to be 
at least ten minutes. The extent of the contracture obtained with an isotonic solution 
of tetra-methyl-ammonium chloride after immersion of the muscle for one minute in 
0°6 per cent. sodium chloride was 1 mm. (the contracture being multiplied five times) ; 
after four minutes’ immersion in the same normal saline, the same strength of tetra- 
methyl-ammonium chloride solution produced in the corresponding muscle of the 
opposite side a contracture 11 mm. in height. The extent of the contracture usually 


* Loe. cit. 
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produced by this solution after previous immersion of a sartorius in normal saline 
solution for ten minutes or more is 40 mm. 

It was further found that when Ringer’s solution was employed as the normal 
immersion fluid, the contracture obtained was less and generally somewhat more 
prolonged than when a pure sodium chloride saline solution was employed. These 
observations led to some experiments on the influence of different concentra- 
tions of calcium chloride on the contracture produced by tetra-methyl-ammonium 


Fic. 5 —Effect of 0°4 per cent. tetra-methyl-ammonium Fic. 6.—Comparative action of 0°3 per cent. 
chloride on sartorius of frog. Upper tracing=right tetra-methyl-ammonium chloride, with(lower 
sartorius after immersion in 0°65 per cent. sodium tracing) and without (upper tracing) addi- 
chloride. Lower tracing = left sartorius ufter inmersion tion of calcium chloride, on sartorii of same 
in equal parts of sume saline and isotonic calcium frog. Addition of solution indicated by 
chloride solution. Time in ten seconds. arrow. ‘Time in ten seconds. 


chloride. It was found that previous immersion in an isotonic solution of calcium 
chloride prevented the appearance of the contracture, but that a mixture of equal 
parts of isotonic solution of calcium chloride and 0°6 per cent. sodium chloride 
did not completely inhibit it (fig. 5).* With isotonic solutions containing smaller 
concentrations of calcium chloride correspondingly greater contracture was obtained. 
It is questionable, however, if the calcium ion exerts any specific antagonism. There 
is no association of calcium chloride with tetra-methyl-ammonium chloride, since 


* When comparative experiments are mentioned they refer to experiments on the two muscles of the same frog. 
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solutions of the two substances of equal electrical conductivity show no alteration of 
conductivity when mixed; and a mixture of the two compounds when applied to 
muscle produce a well-marked although more transient contracture than a solution 
without calcium. This is seen in fig. 6, the lower portion of which shows the 
contracture obtained with a mixture of isotonic calcium chloride one part, isotonic 
tetra-methyl-ammonium chloride one part, 0°65 per cent. sodium chloride three parts ; 
and the upper portion, the curve obtained from the sartorius of the opposite side with 
a mixture of isotonic tetra-methyl-ammonium chloride one part and 0°65 per cent. 
sodium chloride four parts. The apparent antagonism of these large concentrations 
of calcium chloride is chiefly due to their depressant action on the irritability of the 
muscle-tissue. This can readily be followed by steeping the muscle first in normal 
saline and applying the calcium chloride subsequently. In such experiments the 
effect of a fourth isotonic solution of tetra-methyl-ammonium chloride at any time 
will be found to be comparable with the irritability of the muscle to electrical 
stimulation. In one experiment in which the effect was followed, the right sartorius 
was immersed in a mixture of equal parts of isotonic calcium chloride and 0°6 per 
cent. sodium chloride for seventeen minutes, and then in 0’6 per cent. sodium chloride 
for ten minutes. A fair degree of irritability of the muscle was then present, and 
the application of 0°2 per cent. of tetra-methyl-ammonium chloride in isotonic 
solution produced a corresponding degree of contracture. The left sartorius was 
allowed to remain in 0°6 per cent. sodium chloride solution for two hours, and then 
in equal parts of isotonic calcium chloride solution and 0°6 per cent. sodium chloride 
for ten minutes, at which time a very slight contraction to a faradic stimulus 
(secondary coil at 8 cm.) was obtained, and a scarcely appreciable contracture on 
applying 0°2 per cent. tetra-methyl-ammonium chloride. This effect of the calcium 
ion in diminishing the irritability is probably the explanation of the less sustained 
curve seen in fig. 6. 

But besides diminishing the irritability of the muscle, calcium chloride also seems 
to diminish the rate of absorption of tetra-methyl-ammonium chloride into the 
muscle. This at least appears to be one of the causal factors of the markedly 
prolonged contracture produced in the gastrocnemius by solutions of tetra-methy]- 
ammonium chloride after the previous application of a solution of calcium chloride 
(fig. 7). There is probably also a certain degree of physiological synergism in the 
action of these two substances, but the question has not been sufficiently investigated, 
to prove it beyond doubt. 

When the excised sartorius is stimulated by a faradic current (break shock), sent 
through its length at regular intervals, it is found that the relaxation following the 
contracture produced by tetra-methyl-ammonium chloride is accompanied by 
diminished irritability of the muscle. From this depression the muscle gradually 
recovers, and the contractions, notwithstanding the continued action of the tetra- 
methyl-ammonium chloride, become as powerful or even more powerful than before 
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it was applied. The irritability then gradually diminishes, but, as already mentioned, 
it is still considerable after twenty-four hours’ immersion (fig. 8). The diminished 
irritability of the muscle seen during and after relaxation does not seem to be due 


Fic. 7.—Effect of 0°83 per cent. tetra-ammonium chloride on gastrocnemii of same frog after previous immersion in one part 
calcium chloride and three parts 0°6 per cent. sodium chloride (upper tracing) and in normal saline alone (lower tracing). 
Weight 5g. Timeinten seconds, x, 


to fatigue following the contracture, although this may be a contributory cause, since 
it is obtained to almost as great an extent when the contracture induced is much 
less than the maximal. This is seen in fig. 9. The sartorius was immersed in 
Ringer’s solution for twenty-three minutes, towards the end of which time a series 
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Fic, 8.—Effect of 0°4 per cent. tetra-methyl-ammonium chloride on irritability of sartorius of frog. Larger arrow indicates 
addition of solution, the smaller arrow the commencement of electrical stimulation of the muscle (secondary coil at 14 cm.). 
A control stimulation in 0°6 sodium chloride is shown before the contracture. Contractions x9. The small crosses show 
intervals of five minutes, the double cross an interval of nineteen hours. Time in ten seconds, x2. 


of break contractions (secondary coil at 14 em.) were taken. Isotonic tetra-methyl- 
ammonium chloride diluted five times with Ringer was then applied, and the same 
stimuli continued at intervals of ten seconds. The first stimulus increased the 
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rapidity of the contracture, and it is evident from this and the succeeding stimulus 
that there is no diminished irritability during the progress of the contracture ; but 
notwithstanding that the contracture is well below the maximal, the subsequent 
stimulations show considerable diminution followed by recovery. 

The contracture obtained from the gastrocnemius differs in some respects from 
that obtained from the sartorius in being less extensive and more prolonged. More- 
over, the diminished irritability of the muscle occurring during relaxation in the 
case of the sartorius, was not observed when the gastrocnemius was employed. The 
differences are partly due to differences in bulk of the two muscles and consequent 
differences in the time in which the whole of the muscle-fibres of the respective 
muscles are affected by the environing solution ; for if the rapidity of penetration of 
the tetra-methyl-ammonium chloride solution into the sartorius be delayed, the 
contracture produced assumes the type obtained from a gastrocnemius. Thus if the 
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Fic. 9.—Similar experiment to that shown in previous figure, but with 0:2 per cent. tetra-methyl-ammonium chloride and 
muscle previously immersed in Ringer’s fluid in place of 0°6 sodium chloride. Secondary coil at 14 cm. Time in ten 
seconds. x3, 


sartorius be separated for a short distance only at its lower end, and the adjacent 
muscles cut at their distal extremities be excised with it, the curve obtained by 
immersing the preparation in tetra-methyl-ammonium chloride solution is very 
similar to that obtained in the case of the gastrocnemius, and the effect of stimulat- 
ing the sartorius indirectly through the sacral plexus is similar to that produced by - 
stimulating indirectly the gastrocnemius. 

When the gastrocnemius is periodically stimulated directly no diminution of the 
irritability of the muscle, if allowance be made for the state of contraction, is seen 
during the continuance of the contracture ; but, as Borum * pointed out, the duration 
of the contracture is shortened by the stimulations (cf. fig. 10). If isotonic solutions 
of tetra-methyl-ammonium chloride are employed, the muscle quickly becomes 
unirritable to moderately strong faradic stimuli (fig. 10), but it may retain a slight 
degree of irritability to very strong stimuli for some hours. With a concentration 
of tetra-methyl-ammonium chloride one-fourth this strength, considerable irritability 


* Arch. f. exp. Path, u. Pharmak., lviii. p. 267 [1908]. 
TRANS. ROY. SOC, EDIN., VOL. L. PART II. (NO. 17). 71 


498 PROFESSOR C. R. MARSHALL ON THE 


of the muscle may be present after twenty-four hours’ immersion. As previously 
stated, contracture is not produced by tetra-methyl-ammonium chloride solutions if 
the muscle has been previously immersed in a solution of some other member of 
this series; and contracture may not be produced after the muscle has been 
subsequently immersed for some time in a normal saline. In this case the irritability 


Fic. 10,—Effect of 1:12 per cent. tetra-methyl-ammonium chloride ‘on! gastrocnemius. Upper tracing shows effect on un- 
stimulated right gastrocnemius; lower tracing on lett gastrocnemius stimulated directly and indirectly. Secondary 
coil at 12 em. Both muscles previously immersed in Ringer’s fluid. Weight 5 g. Time in ten seconds. 


Fic, 11.—Effect of 0°3 per cent. tetra-methyl-ammonium chloride on irritability of gastrocnemius. Direct, followed by 
indirect, stimulation every ten seconds, The preparation had lain for, twenty and a half hours in Ringer’s solution, 
Small cross indicates interval of one hour. Time in ten seconds. 


of the muscle is influenced by tetra-methyl-ammonium chloride in much the same 
way as a normal muscle (fig. 13). 

If a gastrocnemius is immersed in an isotonic tetra-methyl-ammonium chloride 
solution, and the sciatic nerve is regularly stimulated with break induction shocks, 
the resultant tracing obtained is very similar to that produced when the muscle is 
stimulated directly. The nerve, however, is more quickly paralysed (fig. 10). 
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Owing to the contracture induced, the extent of the contractions is less than 
normal, but the contractions plus the contracture have always equalled and 
sometimes exceeded at first the height of the normal contractions. About two 
minutes after immersion the contractions begin to diminish, and three to four 
minutes later the nerve-endings are paralysed. With concentrations down to 
one-tenth isotonic (0°12 per cent.) the nerve-endings are paralysed in about the 
same time. With still smaller concentrations the time required for paralysis to 
occur gradually increases. 

Borum* found that rhythmic stimulation of the muscle directly or indirectly 
shortened the duration of the contracture, and his statement I have corroborated 
for tetra-methyl-ammonium chloride. But it has not occurred to a marked extent 
in all cases, especially in those in which indirect stimulation was used alone, and 
in my experiments it has occurred more readily with isotonic solutions than with 
weaker solutions (cf. figs. 10 and 11). The effect of an isotonic solution of ‘tetra- 
methyl-ammonium chloride on the two gastrocnemii of a frog, one of which was 
stimulated alternately directly and indirectly, is seen in fig. 10. The upper portion 
of the tracing shows the effect produced on the unstimulated muscle, and the lower 
portion the effect on the muscle stimulated directly and indirectly every ten seconds, 
with an omission every minute. In the latter case the base line was reached two 
minutes after the tetra-methyl-ammonium chloride solution was applied, with the 
unstimulated muscle the base line was not reached until twenty minutes had elapsed. 
The tendency of the stimulations to cause inhibition of the contracture is often seen 
in a slight rise of the curve immediately after the stimulation. This may be noticed 
in fig. 10, and to a greater degree in the curve obtained with di-methyl-di-ethyl- 
ammonium chloride shown in fig. 15. A muscle which has not been stimulated 
electrically generally shows a considerable irritability to powerful stimuli directly 
applied after a muscle which has been rhythmically stimulated has completely 
lost its irritability. To indirect stimulation, however, no decided difference was 
obtained. 

Continuous stimulation of a nerve for a considerable time did not appear to 
affect very materially the contracture of the muscle when subsequently immersed in 
0°4 per cent. tetra-methyl-ammonium chloride solution. For example, the sciatic 
nerve of a sciatic-gastrocnemius preparation, the muscle of which was immersed in 
Ringer’s solution, and which contracted well when the nerve was stimulated with a 
break shock with the secondary coil at 48 cm., was stimulated for twenty-four 
minutes with the secondary coil at 12 cm., then for three minutes with the secondary 
coil at 6 cm., and afterwards for one minute with the coil full up. The termination 
of this stimulation is shown at the commencement of fig. 12. The stimulation was 
discontinued for ten seconds and then repeated for thirty seconds, after which it 
was stopped and isotonic tetra-methyl-ammonium chloride solution applied two 


* Loe. cit. 
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seconds later. As is seen, the contracture produced is well marked. Continued 
stimulation of the nerve during the contracture, however, produced relatively little 
effect. If the tetra-methyl-ammonium chloride solution is applied during the 
stimulation of the nerve, a much smaller effect is obtained, owing probably 
to the greater difficulty of penetrating the muscle. And the effect is stall less 
marked if the solution be applied during continuous stimulation of the muscle 
directly. 

After paralysis of the nerve-endings with small concentrations of tetra-methyl- 
ammonium chloride, the substitution of Ringer’s fluid within two or three minutes 
of the paralysis caused recovery to commence a few minutes later. A considerable 
degree of recovery was early reached, but complete recovery was not obtained until 
the preparation had remained for an hour or more in the Ringev’s solution. With 


Fic. 12.—Effect of 0°4 per cent. tetra-methyl-ammonium chloride on gastrocnemius 
after long-continued stimulation of sciatic nerve (see text). The arrow indicates 
time of application of the solution ; the thick white lines the time and duration 
of stimulation of the nerve with secondary coil full up. Time in ten seconds. 


solutions approaching isotonic in strength, the recovery obtained from the paralysis 
of the nerve-endings was very incomplete; that from paralysis of the contractile 
tissue of the muscle was rapid and complete. The latter is seen in fig. 18, which 
also shows the absence of contracture after the previous application of another 
quaternary compound. The muscle was first treated with 1°4 per cent. di-methyl]-di- 
ethyl-ammonium chloride, with the result shown in fig. 16, and the action was 
allowed to continue for two and a half hours, at the end of which time slight 
contractions were still obtained with the secondary coil full up. The solution 
was then replaced by Ringer’s fluid and the muscle allowed to remain unstimulated 
in it for two hours. Afterwards 1°69 per cent. tetra-ethyl-ammonium chloride 
was applied for ten minutes and replaced in turn by Ringer’s solution. The 
isotonic solution of tetra-methyl-ammonium chloride was introduced twenty-two 
minutes later. 

Tri-methyl-ethyl-ammonum Chloride.—The action of tri-methyl-ethyl-ammonium 
chloride on the nerve-endings and muscle was found to be similar to but weaker 
than that of tetra-methyl-ammonium chloride. No contracture was obtained in 
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sartorii not previously immersed in a normal saline solution, and the behaviour after 
previous immersion in calcium chloride solutions was the same as that already 
described. The influence of an isotonic solution on the irritability of the gastro- 
cnemius muscle to direct and indirect stimulation is seen in fig. 14. This and the 


Fic, 13.—Influence of 1°12 per cent. tetra-methyl-ammonium chloride on the irritability of the sartorius to direct stimulation. 
1°4 percent, di-methyl-di-ethyl-ammonium chloride and 1°69 per cent. tetra-ethyl-ammonium chloride had been previously 
applied. For description see text. The first arrow shows the time of application of the tetra-methyl-ammonium chloride 
solution ; the inverted arrow the time of its removal; the arrow marked R the time when Ringer’s solution was added. 
The stimulations were made with the secondary coil full up. Timein ten seconds. x 2. 


other figures of a similar character were carried out within a short time of one 
another on the same batch of frogs and under the same conditions. Stimulation 
of the nerve by break shocks with the secondary coil at 48 cm., and of the 
muscle by break shocks with the secondary coil at 34 cm., produced a good 
contraction in each case, except the experiment in which ammonium chloride was 


Fic. 14.—Effect of 1:27 per cent. tri-methyl-ethyl-ammonium chloride on irritability of gastrocnemius to direct and indirect 
stimulation. Secondary coil at 12 cm. Lach direct is followed by an indirect stimulation. ‘The arrow indicates the 
time of application of the solution. The preceding contractions were taken in Ringer's solution. Weight 5g. Time in 
ten seconds, 


used. The position of the secondary coil required to give a good contraction of the 
muscle in this case was, for the nerve, 44 cm., for the muscle, 30 cm. The primary 
current was obtained from an accumulator cell giving an H.M.F. of two volts. 
The subsequent stimulations of nerve and muscle were made with the secondary 
coil at 12 cm.; and the stimulation, first of muscle and then of nerve, was repeated 
every ten seconds, with an interval every minute. A normal series of contractions 
with the muscle immersed in Ringev’s solution was taken, and, after the substitution 
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of an isotonic solution of the drug, continued until stimulation of the nerve no longer 
produced contraction with this strength of stimulus. Afterwards the effect of 
continued stimulation of the nerve and muscle was generally tried. From the 
figure it will be seen that the nervous mechanism was paralysed in about the 
same time as was required in the case of an isotonic solution of tetra-methyl- 
ammonium chloride. 

Di-methyl-di-ethyl-ammonium Chloride. — This substance in isotonic solution 
does not produce contracture of the isolated sartorius, even when this has been 
immersed for some time in a normal saline solution, but it may induce contracture 
in an isolated gastrocnemius. An instance of this is seen in the rise occurring 
previous to the first stimulation after the application of the solution in fig. 15. If, 
however, a small quantity of ethyl alcohol is added to the isotonic di-methyl-di- 


Fic, 15.—Effect of 1°4 per cent. di-methyl-di-ethyl-ammonium chloride on the irritability of the gastrocnemius of the frog to 
direct and indirect stimulation. Description as fig. 14. An interval of eight minutes occurred between the two parts 
of the tracing. x Z. 


ethyl-ammonium chloride solution some degree of contracture is obtained in the 
sartorius, and is greater the greater the concentration of alcohol up to ten per cent., 
the largest concentration of alcohol used. 

The action of di-methyl-di-ethyl-ammonium chloride on the irritability of the 
nerve-endings was found to be less powerful than that of tri-methyl-ethyl-ammonium 
chloride. Thus while isotonic solutions of tri-methyl-ethyl-ammonium chloride, like 
isotonic solutions of tetra-methyl-ammonium chloride, paralyse the nerve-endings in 
the gastrocnemius in six minutes, an isotonic solution of di-methyl-di-ethyl-ammonium 
chloride requires about fourteen minutes (fig. 15). The effect on the irritability of 
the muscle was very similar to but somewhat less powerful than that of the two 
preceding substances. This is seen in fig. 15. It has also been obtained in 
experiments on the sartorius. The effect of an isotonic solution of di-methyl-di- 
ethyl-ammonium chloride on this muscle is shown in fig. 16, which further shows 
that a small terminal irritability may occur with this substance as with many other 
muscle poisons. The tracing also shows that a notable increase in the strength of 
the stimulus produces at first well-marked contractions with some residual 


PHARMACOLOGICAL ACTION OF TETRA-ALKYL-AMMONIUM COMPOUNDS. 503 


contracture, followed by rapid diminution in the height of the contractions. A small 
terminal irritability to this strength of stimulus continued for some time as before, 
and slight contractions were still obtained with the secondary coil full up two and 
a half hours after the immersion. 


— Influence of 1°4 per cent. di-methyl-di-ethyl-ammonium chloride on the irritability of the sartorius of the frog. Secondary coil at 12cm. Tater it was 
placed at 6 cm., and a second series of contractions taken. Arrow indicates time of applying drug. Contractionsx 5, Time in ten seconds, 


The terminal irritability of the nerve to continued faradic stimulation is shown 
in fig. 17, which is a continuation of the experiment illustrated in fig. 15, and is 
given as being typical of the terminal effects obtained with the other substances. 


hal 


| I 
il 


l 
WL KA 


Fic. 17.—Continuation of fig. 15, showing terminal irritability of nerve. C indicates position of secondary coil. N refers 
to nerve, and M to muscle. The thick lines give the duration of the stimulation. Timein ten seconds, x 2, 


The interval between the two tracings was four and three-quarter minutes, and 
during this time the nerve was stimulated with the secondary coil full up for two 
minutes with similar results, except more powerful contractions and less marked 
exhaustion, to the first stimulation shown. The effect of stimulating the muscle 
directly with the secondary coil at 12 cm. and full upisalso seen, In most cases the 
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curve obtained from direct stimulation with the coil at 0 cm. has been an unbroken 
line, but the form shown with superadded contractions was not uncommon. 
Methyl-tri-ethyl-ammonium Chloride.—Isotonie or slightly hypertonic solutions 
of this substance also caused no contracture when applied to a sartorius, but in the 
presence of ten per cent. alcohol slight contracture was produced. The effect on the 
irritability of the sartorius was the same as that of tetra-ethyl-ammonium chloride, 


ad 


{mai 


Fic. 18.—Effect of 1°55 per cent. methyl-tri-ethyl-ammonium chloride on irritability of gastrocnemius of frog to direct and 
indirect stimulation. Description as in fig. 14. Between the first and second parts there is an interval of ten‘minutes ; 
between the second and third parts an interval of five minutes, x2. 


except in the presence of ten per cent. alcohol,-when it seemed to be slightly :less. 
The action of an isotonic solution on the sciatic-gastrocnemius preparation is shown 
in fig. 18. As will be seen, the nerve-endings were paralysed to break shocks with 
the secondary coil at 12 cm. in seventeen minutes, the muscle, when stimulated 
directly, showing at this time considerable irritability. 


Fic, 19,—Effect of 1°69 per cent. tetra-ethyl-ammonium chloride on irritability of gastrocnemius of frog. Description as in fig, 14. 
An interval of fourteen minutes occurred between the two parts of the tracing. 


Tetra-ethyl-ammonium Chloride.—It was mentioned in a previous communica- 
tion that isotonic or slightly hypertonic solutions of tetra-ethyl-ammonium chloride 
caused no contracture when a sartorius was immersed in them, and it is only necessary 
to add that no contracture was obtained even when ten per cent. alcohol was present 
in the solution. Isotonic solutions, however, quickly abolish the irritability of the 
sartorius, usually within five to six minutes, and in the presence of ten per cent. 
alcohol within two to three minutes. 

The gastrocnemius is less quickly affected. The influence of an isotonic solution 
on the irritability of this muscle and its nerve is shown in fig. 19. The nerve-endings 
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were paralysed in twenty-one minutes, the muscle at this time showing considerable 
irritability to direct stimulation. Two minutes later the nerve and muscle were 
subjected to continued stimulation with the secondary coil full up, with the result 
shown in fig. 20. Afterwards the isotonic solution of tetra-ethyl-ammonium chloride 


Fic. 20.—Continuation of previous figure, showing terminal irritability of nerve. 
N=stimulation of nerve with coil full up. M=stimulation of muscle. 
Time in ten seconds. 


was replaced by Ringer’s fluid, and left until next day. The nerve was then 
unirritable, but the muscle contracted with the secondary coil at 12 cm. 


Ammonium Chloride.—Although the paralysing influence of ammonium chloride 
on the nerve-endings has long been known, it seemed desirable to add a comparative 


Fic, 21.—Effect of isotonic solution of ammonium chloride on irritability of gastrocnemius of frog. Description as in 
fig. 14. An interval of seventeen minutes occurred between the two parts of the tracing. 


experiment with this substance carried out under similar conditions to those described. 
The result is shown in fig. 21. The nerve-endings were paralysed in twenty-five 
minutes, the muscle having lost relatively little irritability. Continued stimulation 
of the nerve and muscle was commenced one and a half minutes later, and gave 
similar results to those obtained with the alkyl-ammonium compounds (fig. 22). 


These experiments on the isolated nerve-muscle preparation also show, like those 
TRANS, ROY. SOC. EDIN., VOL. L. PART II. (NO. 17). 72 
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previously described, that the paralysing influence of this group of substances increases 
as we proceed from tetra-methyl-ammonium chloride to tetra-ethyl-ammonium 
chloride. For isotonic solutions which, however, do not give a correct indication of 
the relative activity of tetra-methyl-ammonium chloride and of tri-methyl-ethyl- 
ammonium chloride owing to a certain time being necessary for penetration through 
the muscle, the time required to paralyse the nerve-endings was for— 


Tetra-methyl-ammonium chloride, 1:12 per cent. . 5 . 4 to 5 minutes. 
Tri-methyl-ethyl-ammonium chloride, 1:26 _,, : : : By oS 
Di-methyl]-di-ethyl-ammonium chloride, 1°4 ee : j ; 14 , 
Methyl-tri-ethyl-ammonium chloride, 1:55 __,, ; : J 22 2 
Tetra-ethyl-ammonium chloride, ICG Oars : : : 21 a 


With smaller concentrations of the more powerful substances a truer indication of 
the relative activity of these compounds is obtained. This is seen in the following 


Fic, 22.—Continuation of previous figure, showing terminal irritability of nerve. 
N=nerve; M=muscle. The numbers refer to position of secondary coil. 
Time in ten seconds, 


table, which shows the time in minutes required by various concentrations of the 
substances in Ringer’s fluid to paralyse the nerve-endings to a moderately powerful 
electrical stimulus (secondary coil at 12 em.) :— 


Tetra-methyl-ammonium chloride . 012 p.c.= 5min. 0:01 p.c.=10 min. 0:0033 p. c. = 24 min. 
Tri-methyl-ammonium chloride . ~ O13% 9. =6i5 SO 0t y= 205. 
Di-methyl di-ethyl-ammonium chloride 14 ,, =14 ,, 0°28 ,, =20 ,, 


The action of these compounds on the contractile substance of the muscle itself, 
as shown by direct stimulation, was similar in all cases. In isotonic solutions they 
act as muscle poisons, and in the case of the sartorius immediately diminish the 
irritability of the muscle, and quickly abolish it. In some experiments a slight 
terminal irritability has continued for some time. The gastrocnemius is similarly 
but less powerfully influenced. The toxicity falls markedly with diminution in con- 
centration of the substance, and with one-fourth isotonic strength the irritability 
may continue until next day. Ifa muscle is allowed to remain unstimulated in an 
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isotonic solution, it is found to retain a considerable degree of irritability after the 
corresponding muscle of the opposite side, similarly treated, but rhythmically 
stimulated, has ceased to contract. The several substances showed relatively little 
difference in toxic power when compared in solutions of the same molecular strength. 


REMARKS. 


The most important action of these quaternary ammonium compounds is that 
associated with the myo-neural junction. Since the work of Crum Brown and 
Fraser * paralysis of the motor nerve-endings has been recognised as a fundamental 
action of quaternary compounds, and although a large number of such compounds 
of varied composition have been examined, very few have been described as wanting 
this action in some degree. Crum Brown and Fraserj{ themselves found that 
nicotine meth-iodide and metho-sulphate were very slightly active, and concluded 
that they do not paralyse the motor nerve endings, since the reflexes obtained in a 
protected limb and in a limb exposed to the action of the substances were of 
approximately equal strength. In the later stages of the intoxication, however, 
they “appeared to be of greatest strength in the non-poisoned limb.” { The latter 
observation seems to me of significance in view of the later investigation of 
Bucnuetm and Loos,§ who found that after the injection of 27 mg. or more per 
gramme of frog the sciatic nerve became unirritable, while the muscles still reacted 
to stimulation. The only other paper with which I am acquainted mentioning 
quaternary compounds which do not paralyse motor nerve endings is by Pout.| 
He investigated certain quaternary papaverine derivatives — papaverine metho- 
chloride, papaveraldine metho-chloride, and papaverinol etho-chloride—which, he 
says, do not produce, in frogs, any curare-like action. Unfortunately he gives no 
experiments on which the statement is based. As these substances produce a 
temporary paralysis of the respiration similar to that produced by tetra-methyl- 
ammonium chloride, I decided to reinvestigate the point. Papaverine meth-iodide 
was prepared by heating a 1 in 30 alcoholic solution of papaverine with slightly 
more than a molecular quantity of methyl-iodide on a water-bath under a reflux 
condenser for six hours, afterwards distilling off the slight excess of methyl-iodide, 
decolorising with charcoal, and crystallising and recrystallising from diluted alcohol 
or water. A determination of the iodine showed that it was pure. The substance 
tested on a gastrocnemius-sciatic preparation in a manner similar to experiments 
previously described was found to paralyse the nerve-endings before the muscle. 
The effect of a 1 in 350 solution in Ringer’s fluid is shown in fig. 23. As will be 
seen, the nerve-endings were paralysed in nine minutes, the muscle at this time and 

* Trans. Roy. Soc. Hdin., xxv. pp. 151, 693 [1869] ; Proc. Roy. Soc. Edin., vi. p. 556 [1869]. 
+ Trans. Roy. Soc. Edin., xxv. p. 187 [1869]. 
{ Loc. cit., p. 191. 


§ Eckhard’s Bett. z. Anat. u. Physiol., v. p. 226 [1870]. 
|| Arch. internat. de pharmacod., xiii. p. 479 [1904]. 
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for some time longer still reacting well to direct stimulation. An injection of 
0°01 g. into the dorsal lymph-sac of a frog (weight 13 g.) with the brain pithed 
and the left thigh, excluding the sciatic nerve, doubly ligatured, gave the following 
results when the sciatic nerve and the gastrocnemius muscles were tested two and a 
half hours later :— 

Right sciatic nerve . : . Slight twitch with tetanic stimulation, secondary coil at 20cm. No 


tetanus with coil full up. Reflex movements in other (pro- 
tected) limb, 


Left sciatic nerve . : . Slight tetanus with coil at 36 cm. 
Right gastrocnemius muscle . Twitch with coil at 32 cm. 
Left gastrocnemius muscle . Twitch with coil at 32 cm. 


This substance therefore paralyses the motor nerve-endings before the muscle, and 
since metho-chlorides have a similar action to the corresponding meth-iodides, it 
would seem probable that papaverine metho-chloride possesses a paralysing action 


on motor nerve-endings and that these papaverine derivatives are not exceptions to 
the rule that quaternary compounds paralyse the myo-neural junction. It seems to 
me that no authentic instance of a pharmacologically active quaternary compound * 
which does not affect the myo-neural junction has, as yet, been found. These 
compounds vary considerably in activity, and they may produce other effects than 
paralysis of peripheral origin, but even when such actions are present the peripheral 
paralysis is an important if not a predominant effect. 

The variability in action of quaternary compounds is well shown in the case of 
tetra-methyl-ammonium chloride and tetra-ethyl-ammonium chloride, and there can 
be little doubt that a solution of the cause of this difference would materially help to 
solve the problem of the mode of action of this class of substances. There appears, 
however, to be no sufficient differences in the known chemical and physical properties 

* Certain quaternary compounds, such as the betaines, which contain a carboxyl or lactonic group, are 
pharmacologically inert, and do not therefore affect nerve-endings. 

+ FRAENKEL (Die Arzneimittel-synthese, 2% Aufl. p. 301) refers to a research by InmsEN, who found methyl-ethyl- 
coniine hydroxide inactive in doses of 30 g., and the iodide in doses of 6 g., although the latter substance in doses of 
10 g. produced death in four minutes. No details are given, and IHmsEN’s paper is unknown to me. It may be 
remarked that methyl-coniine and di-methyl-coniine compounds (CRuM Brown and FRASER, loc. cit.), and ethyl- 


coniine hydroxide (Trryak1An, Paris thesis, 1878, quoted by FRAENKEL), have been shown to paralyse motor 
nerve-endings. 
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of these substances to account for this variability in pharmacological action. Both 
substances are hygroscopic and consequently very soluble in water; they ionise 
readily, although not with equal facility ; they have the same constitutional form ; 
and they react in the same way to other chemical substances. Tetra-ethyl- 
ammonium chloride is somewhat the less stable of the two, but this would suggest 
greater pharmacological activity rather than less; and that it is not a cause of the 
difference is proved by the fact that the iodide, which is more stable, shows the same 
difference in pharmacological action from that of tetra-methyl-ammonium iodide. It 
has been suggested that the explanation lay in the variable hydrolysis which the two 
substances undergo in the blood, but no experimental evidence has been brought 
forward to support this view, and the available evidence seems directly opposed to 
it. The differences in ionisation, notwithstanding recent theories of muscular con- 
traction, seems to me insufficient to explain the phenomenon, especially as it is still 
observed to an almost equal degree when equi-conductivity solutions are employed. 
Nor is the difference apparently due to variability in the penetration of the 
two substances into muscle cells, although in isotonic solution tetra-methyl- 
ammonium chloride appears to penetrate less readily than sodium chloride or tetra- 
ethyl-ammonium chloride. This was determined, according to the method of Loxrs 
and OvERToN, by immersing muscles in hypertonic, isotonic, and hypotonic solutions 
and noting the differences in weight before and after immersion. But that it is not 
a factor of moment seems to me to be proved by the activity of dilute solutions of 
tetra-methyl-ammonium chloride, and by the fact that hypertonic solutions of tetra- 
ethyl-ammonium chloride, which penetrate less easily, do not produce the contracture 
induced by tetra-methyl-ammonium chloride. 

The difference in pharmacological action might be attributed to the methyl 
groups. Similar marked differences are known to be associated with the action of 
other methyl and ethyl compounds, and in this connection it is interesting to note 
that BucuHerm and Loos* found strychnine etho-sulphate and nicotine etho-sulphate 
less powerful than the corresponding metho-compounds. Brunton and Casu j¢ also 
conclude from their study of substituted ammonium salts that “the methyls are 
more active than the corresponding ethyls,” but that “the methyls, amyls, and ethyls 
are more effective than the corresponding di- and tri-compounds.” As stated in a 
previous paper, BrunTon and Casu did not find great differences in the activity of the 
tetra-methyl as compared with the tetra-ethyl compounds in the series they investi- 
gated, and the order of toxicity for rabbits is given as (1) the tetra-ethyls and tetra- 
methyls, (2) the tri-ethyls and tri-methyls, (3) the di-ethyls and di-methyls, (4) the 
amyls, ethyls, and methyls.{ It is questionable, however, if this series of compounds 
is strictly comparable to the series under consideration, in which all the hydrogen 
atoms of the ammonium radical are replaced by alkyl groups. Apart from the fact 


* Loc. cit., pp. 208, 230. 
+ Trans. Roy. Soc. Lond., clxxv. pt. i. p. 221 (1884), t Ibid., p. 211. 
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that tetra-ethyl-ammonium chloride in large doses produces paralysis of the myo-neural 
junction, the want of parallelism between the pharmacological activity of and number 
of methyl groups in these compounds does not lend any support to the view that the 
activity is associated with the methyl groups. The most striking change occurs in the 
passage from tri-methyl-ethyl-ammonium chloride to di-methyl-di-ethyl-ammonium 
chloride. Tri-methyl-ethyl-ammonium chloride possesses a degree of toxicity and 
activity not far removed from that of tetra-methyl-ammonium chloride, but the 
replacement of another methyl group by ethyl, thereby forming di-methyl-di-ethyl- 
ammonium chloride, causes a marked fall in toxicity and pharmacological action. 
This particular instance might be explained on WERNER’S view* of the constitution 
of quaternary compounds, but it would not so readily explain the differences in 
pharmacological action observed in the other members of the series, nor the fact that 
in the methyl-ammonium compounds investigated by Brunton and CasHj{ the 
greatest change in pharmacological activity occurs on passing from tetra-methyl- 
ammonium salts to tri-methyl-ammonium salts. The variations in pharmacological 
activity might, however, be explained by assuming different values for the hydrogen 
atoms of the ammonium radical, but although the successive hydrogen atoms are 
replaceable with varying ease, there does not seem to be sufficient evidence for 
believing that alkyl groups once introduced are of varying value. The order in 
which such groups are introduced does not appear to have any effect on the resultant 
compound.{ The chemical characters of the methyl-ethyl-ammonium compounds 
make it improbable that the methyl and ethyl radicals act independently pharmaco- 
logically, and it may be mentioned that RosENnstEIn§ concluded that the pharmaco- 
logical activity of quaternary compounds was not due to the presence of special 
radicals. 

MEYER || is of opinion that saturation of the nitrogen by a hydroxyl and four 
hydrocarbon radicals is alone of importance ; and HILDEBRANDT 1 that, as regards the 
action of ammonium bases, the curare-like action depends on the manner in which 
the fifth (not hydrocarbon) valency of the nitrogen is saturated. But a pentad 
valency of the nitrogen or, as the action is also produced by phosphonium** and 
arsonium {+ bases, of other corresponding atoms is not necessary, and neither of these 
views affords any explanation of the very slight activity of tetra-ethyl-ammonium 
chloride. This is equally true of FRAENKEL’S hypothesis. FRAENKEL {{ concludes that 
the paralysing action on the end-plates is caused, not by a certain elementary com- 
position or the presence of certain radicals, or by certain elements serving as a centre 

* New Ideas of Inorganic Chenustry, p. 30. For other views see MEISENHEIMER, Liebig’s Annalen, vol. ccexcvii. 
p- 273 [1913]; vol. eccxcix. p. 371 [1913]; Fromm, zbid., p. 366. 

+ Loe. cit. t Cf. Sineu, Trans. Chem. Soc., ciii. p. 604 [1913]. 

§ Compt. rend., cxxx. p. 752 (1900). 

|| Ergebnisse der Physiologie, i. pt. ii. p. 199 [1902]. I Neuere Arznevmettel, 1907, p. 134. 

** Vuupian, Arch. de physiol. norm. et path., i. p. 472 [1868]; LinpEmMann, Arch. f. exper. Path. u. Pharmak., 


xli. p. 191 [1898]. +t Burrat, Path. f. exper. Path. u. Pharmak., lvi. p. 101 [1906]. 
tt Ergebnisse der Physiologie, iii. pt. i. p. 307 [1904]. 
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for a spatial arrangement, but is solely dependent on the manifestation of two 
potential valencies, which give a certain different orientation in space to the radicals 
bound to them, independently of the number of chief valencies otherwise present and 
of their spatial orientation. It is possible that the ditferences in pharmacological 
action shown by tetra-methyl and tetra-ethyl-ammonium chlorides may be associated 
with differences in intra-molecular ionisation, but so far no data relating to these 
compounds are available. 

With regard to the place and mode of action of substances pdducing peripheral 
paralysis there is some difference of opinion. Regarding the place of action two 
views are held: (1) that it is the nerve-endings or motor end plates, (2) that it is an 
intermediary substance in functional connection with the nerve-endings on the one 
hand and with the contractile tissue of the muscle on the other. The intermediary 
substance, which is conveniently referred to as the myo-neural junction, is variously 
regarded as a synapse, a specialised tissue of high irritability, or a part of the muscle 
cell itself with special chemical reactivities. As the general question of the place of 
action of these substances has been dealt with by Lanciry * in the Croonian Lecture 
of 1906, and more recently by Drxon and Ransom ¢ in an article in the Ergebnisse 
der Physiologie, it is only necessary to refer to papers bearing immediately on the 
present investigation. 

Much of the more recent work on this question has been done by LancieEy,{ who, 
from his investigations with nicotine and curare, has come to the conclusion that 
the action is upon what he terms “receptive substance,’ which forms part of the 
constituents of the muscle cell. Nicotine in certain concentrations when applied to 
an isolated muscle produces two distinct effects, namely, an immediate contracture 
followed by a fall, and, a second later, slower and more prolonged contracture which 
passes into rigor. Small concentrations produce only the primary contracture ; 
large concentrations may fuse the two effects. LaNncLEy attributes the primary 
contracture to an action on the receptive substance, the later contracture to an 
effect on the contractile substance proper of the muscle. My own experiments 
with nicotine, which, however, have not been numerous and have been almost limited 
to the effects on the excised sartorius of concentrations of 0°18 per cent. in Ringer's 
fluid, corroborate those of LANGLEY, and have suggested a comparison with the 
effects obtained with tetra-methyl-ammonium chloride and tri- methy] - ethyl - 
ammonium chloride. The early contracture obtained with nicotine has so closely 
simulated the contraction produced by tetra-methyl-ammonium chloride as to suggest 
that the mode of action of the two substances in this respect is identical. And that 
this is probably the case is shown by the fact that if a nicotine solution of sufficient 

* Proc. Roy. Soc. Lond., 1xxviii., B, p. 170 [1906]. See also Journ. of Physiol., xlviii. p. 103 [1914]. 
eS : ae d. Phystol., xii. p. 765 [1912]. Also Dixon, Proc. Roy. Soc. Med., v. (Therap. and Pharmacol. sect.), 


} Loc. cit.; also Journ. of Physiol., xxxvi. p. 347 [1907]; xxxvii. pp. 165, 285 [1908]; xxxix. p. 235 [1909]; 
xlvii. p. 159 [1913] ; xlviii. p. 73 [1914]. 
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strength is applied after the contracture produced by a 0°3 per cent. tetra-methyl- 
ammonium chloride solution has passed away, no immediate contracture is produced, 
but the late contracture follows with normal intensity in due coursé. It has been 
shown that such a strength of tetra-methyl-ammonium chloride, while exerting a 
maximum effect on the myo-neural junction, has relatively little action on the 
contractile tissue of the muscle itself, and these experiments consequently support 
LANGLEY’S view that the second contracture is due to a direct action on the con- 
tractile tissue. Further corroboration of this view was obtained from experiments 
on the effect of rhythmical stimulation of muscles immersed in nicotine solutions. 
Since the form of the immediate contracture produced by nicotine and by tetra- 
methyl-ammonium chloride is the same, and as both are prevented by previous 
treatment of the muscle with curarine, and as this portion of the nicotine action 
can be replaced by a similar action of tetra-methyl-ammonium chloride, which 
leaves the nerve-endings still irritable, it would seem that the action of the two 
substances as regards this particular effect is upon the self-same structure. LANGLEY 
has shown in the case of nicotine that the effect is still obtained after degeneration 
of the nerves and of the motor end plates; and that the seat of action is distal to 
the nerve-endings seems to follow from the marked contracture produced by tetra- 
methyl-ammonium chloride after exhaustion of the nerve, illustrated in fig. 15. The 
markedly diminished irritability of the sartorius muscle to direct stimulation, which 
succeeds the contracture, and which does not seem to me to result from the previous 
activity, also points, I think, to a more intimate connection of the substance or part 
affected with the contractile substance proper than is usually associated with the 
nerve terminations. Whether this substance is of the nature of Keith Lucas’s 6 
substance or is another substance distinct from the contractile substance of the 
muscle cell is difficult to decide. The rapidity and independence of the early con- 
tracture, as well as its distribution, strongly suggest an effect on such a substance as 
the 6 substance ; but although Kerr Lucas found * that this substance was paralysed 
with much smaller doses or concentrations of curare than the contractile substance 
of the muscle, he further found that the 6 substance was still irritable after the 
nerve-endings were paralysed. ‘This is not, to my mind, a reason sufficient to exclude 
the 8 substance as the seat of action of tetra-methyl-ammonium chloride, but further 
work is necessary before any certain conclusion can be drawn. 

LANGLEY’S receptive substance [ understand to be different from the 8 substance. 
He assumes that the mode of action of this class of drugs is essentially chemical in 
nature and due to attachment of the drugs to the protoplasmic molecule of the 
receptive substance by means of receptor groups. It does not seem to me necessary 
to assume this manner of combination to explain the effects which have been 
observed, nor does it help to an understanding of the phenomena. It is particularly 
difficult to see how this theory can explain the difference in action between tetra- 

* Journ. of Physiol., xxxvi. pp. 122, 125 [1907]. 
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methyl and tetra-ethyl-ammonium chloride, as there is no evidence for the assump- 
tion that the methyl and ethyl groups act independently. It is, however, equally 
difficult to explain the differences between these two substances on any theory which 
has been put forward. One only will be referred to. HéBeR and WaLDENBERG,* 
from a study of the demarcation currents and the irritability of frog’s muscles under 
the influence of tetra-methyl-ammonium chloride and tetra-ethyl-ammonium chloride, 
conclude that the change of irritability depends, as they believe it does, in the case 
of alkali salts, upon changes in the colloidal condition of the “ Plasmahaut” ; and that 
the changes in the electrical behaviour of the muscles are an expression of the 
alterations in the permeability of this layer occurring in consequence of the colloidal 
change induced. That an action of this kind probably occurs seems to follow from 
some preliminary experiments I made on the hemolysis of blood corpuscles. Frog's 
blood diluted with tetra-methyl-ammonium chloride in distilled water down to one- 
fifth isotonic did not undergo hemolysis readily, and the corpuscles showed changes 
similar to those seen after treatment with boric acid solutions. The effects were 
less marked with tetra-ethyl-ammonium chloride solutions. On the other hand, 
corpuscles from defibriated mammalian blood, separated and washed, were heemo- 
lysed by hypotonic solutions of tetra-methyl-ammonium chloride almost as readily as 
with corresponding strengths of sodium chloride. No gross changes were produced 
by the addition of isotonic solutions of tetra-methyl-ammonium chloride to the 
separated serum. But although a change in the colloidal condition of the external 
layer of the muscle cells may occur and may account for the absence of contracture 
when a freshly excised sartorius is immersed in a solution of tetra-methyl-ammonium 
chloride, and, as HOper and WaLpENBERG suggest, for the toxic effect of isotonic 
solutions on the contractile substance of the muscle, it is difficult to explain the 
paralysing action of quaternary compounds and the differences in action of tetra- 
methyl-ammonium chloride and tetra-ethyl-ammonium chloride on this theory. It 
does not seem to me that the manner of action as distinct from the place of action 
of these paralysing substances can at present be formulated with any advantage. 
Not only is the chemical composition of the substance or substances on which these 
drugs act unknown to us, but the composition of the drugs themselves is also so 
varied that no possible chemical reaction common to all of them seems deducible 
from it. The fact that quaternary compounds, which are saturated compounds and 
for the most part stable, exhibit in its purest form a paralysing action on the myo- 
neural junction suggests an action largely physical in character ; but the specificity of 
the effect in some cases and the great variation shown by different compounds point, 
on the other hand, to changes of a chemical nature. At present we do not seem 
able to go further than state the action of these substances in the physiological 
terms of stimulation and depression. How these are brought about further research 
may show. 


* Pfluger’s Arch., cxxvi. p. 331 [1909]. 
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The tremors which occur after the administration of tetra-alkyl-ammonium com- 
pounds to frogs are probably due to an action on the same structures as those 
involved in the paralysis. As regards nicotine, LANGLEY is inclined to believe that 
the tremors are an independent effect, and are due to an attachment of the nicotine 
to the protoplasmic molecule through different receptor groups to those concerned in 
the paralysis. He finds * that the antagonism of the fibrillary twitchings and of the 
tonic contraction by curare follows different laws, the twitchings being abolished by 
a definite percentage of curare through a considerable range of variation in the 
concentration of the nicotine, while the early contracture of nicotine is abolished 
only when the percentage of curare to that of nicotine is not less than a certain 
definite one. This view of the independence of the tremors and paralysis receives 
some measure of support from the facts that in some of my experiments the tremors 
have continued after the animal has become completely paralysed, as shown by 
stimulation of the sciatic nerves ; that in the case of the two substances, methyl-tri- 
ethyl-ammonium chloride and tetra-ethyl-ammonium chloride, which show relatively 
slight differences in paralysing power, the tremors are much more marked after tetra- 
ethyl-ammonium chloride than after methyl-tri-ethyl-ammonium chloride; and that 
the calcium-ion appears to have greater influence in antagonising the twitches of 
tetra-ethyl-ammonium chloride than in preventing the contracture produced by 
tetra-methyl-ammonium chloride. 

Generally, however, the tremors gradually diminished with the increasing paralysis, 
and disappeared before complete paralysis set in. The differences in the two sub- 
stances mentioned are also much less marked when they are locally applied to 
muscles ; and, as mentioned previously, the intimate association of the tremors with 
the “ nerve-endings” is shown by the fact that they may only occur during stimula- 
tion of a nerve. When the whole series investigated is broadly considered, the 
production of tremors seems to vary inversely with the power of the substance to 
induce paralysis. The contracture produced, on the other hand, varies directly with 
their paralysing power, and this effect and the tremors are prevented by previous 
treatment with curarine. Owing to the somewhat variable reactivity of the muscles 
of different frogs to these substances, it would be necessary to make a large number 
of quantitative experiments to determine the dependence or independence of these 
several effects ; but, so far as my observations have gone, they have led me to the 
view that the tremors, contracture, and paralysis are, in the case of these tetra-alkyl 
compounds, connected and due to a similar action upon the same structure. 

In the first paper of this series, which dealt mainly with the action of tetra- 
methyl-ammonium chloride on the respiration, it was shown that the chief cause of 
the temporary respiratory paralysis produced by this substance was a depression of 
the myo-neural junction in the respiratory muscles. In the present paper it has been 
shown that the various methyl-ethyl-ammonium compounds investigated produce 

* Journ. of Physiol., xlviii. p. 89 [1914]. 
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respiratory paralysis roughly in proportion to their power of paralysing the myo- 
neural junction, and although the effect on the irritability of the nerves supplying 
the muscles of respiration was not investigated, except in the case of tri-methyl- 
ethyl-ammonium chloride, which was found to act similarly to tetra-methyl-ammonium 
chloride, there can be little doubt from the parallelism mentioned that the mode of 
action on the respiration is the same in all cases. Since the first paper was issued, 
Lorvennart * has published a short note in which he says, “ Immediately following 
death from large doses of tetra-methyl-ammonium chloride, due to paralysis of the 
respiration, it was found that the phrenic nerve endings are fully active, and no 
support was found for MaRsHALL’s view that the temporary stoppage of the respira- 
tion is due to paralysis of the endings of the phrenic nerve. The conclusion was 
reached that the action of tetra-methyl-ammonium chloride on the respiration is 
entirely central.” As no details of the experiments have been published it is difficult 
to criticise this statement, but I venture to point out that the method adopted by 
LoEVENHART is not adapted to the end in view. When the irritability of the phrenic 
and other nerves supplying the anterior part of the body is followed after an 
injection of tetra-methyl-ammonium chloride, it is found to run parallel with the 
respiratory effect ; whereas an injection made so that the respiratory centre receives 
a larger concentration and the muscles a smaller concentration of the drug is 
followed by a smaller effect on the respiration. Moreover, as already stated, the 
paralysing influences of this series of alkyl-ammonium compounds on the respiration 
runs parallel with their paralysing action on the myo-neural junction. It is difficult 
to avoid the conclusion that the temporary respiratory paralysis produeed by this 
substance is partly, I believe, largely peripheral in origin. An interesting com- 
mentary on LOEVENHART’S method appears in the same journal a few pages later than 
his note. AvER and Me.rzer found that ether inhalations are capable of profoundly 
affecting the peripheral motor mechanism and producing a curare-like action. 
GITHENS and MELTzeEr { in consequence investigated the nature of the cessation of the 
respiration in deep ether anzesthesia. They determined the irritability of the phrenic 
nerves and diaphragm at the time of cessation of respiration induced by ether, and 
found that “some time after complete stoppage of spontaneous respirations indirect 
stimulation of the phrenic nerve, as well as direct stimulation of the diaphragm, cause 
still a fairly good contraction of that muscle. On the other hand, it is evident that 
the phrenic nerve and the diaphragm lose a good deal of their irritability in the 
course of ether anzesthesia, and that the toxic action upon the peripheral respiratory 
mechanism begins at an early stage of the etherisation.” 

The action of these tetra-alkyl-ammonium compounds on the circulation is 
apparently somewhat complex. Tetra-methyl-ammonium chloride stimulates the 


vagal mechanism, and my experiments, in contradistinction to those of lopLBauER,} 


* Journ. of Pharmacol. and Therap., v. p. 516 [1914]. + Ibid., p. 523. 
{ Arch. internat. de pharmacod., vii. p. 183 [1900]. 
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show that the effect is mainly peripheral. None of the other substances produced 
this action, and no cause for the difference has been found. In anesthetised rabbits 
and cats these compounds cause a fall of blood-pressure sometimes preceded by a 
slight initial rise. The fall of blood-pressure after the administration of tetra-methy]l- 
ammonium chloride is mainly vascular in origin, and, since it is associated with 
diminished irritability of the splanchnic nerves, is probably due, considering the slight 
effect of small concentrations of this substance on contractile tissue, to a depression 
of the nerve-endings in the blood-vessels. The fall of blood-pressure produced by 
the other members of the series has doubtless a similar cause. A rise of blood- 
pressure may, however, be produced by these substances. Usually it is slight and 
transient and precedes the fall, but on rare occasions with tetra-methyl-ammonium 
chloride it has been marked and prolonged. In decerebrate animals a temporary fall 
may be followed by a decided rise of blood-pressure, an effect which also occurs after 
tri-methyl-ammonium chloride. The cause of the rise of blood-pressure has not been 
investigated, but in view of the facts that doses of tetra-methyl-ammonium chloride 
inducing this action stimulate the respiratory centre in decerebrate animals, and that 
the fall of blood-pressure had been shown to be due to a peripheral cause, it was 
attributed to stimulation of the vaso-motor centre. Later experiments, however, 
suggest a peripheral influence, and further work on the subject is necessary. 

It is of interest to note that the paralysing action of these alkyl ammonium 
compounds and their influence in reducing the blood-pressure of anzesthetised rabbits 
are of the same order, but whether this is more than a casual connection has not been 
determined. 
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PREFACE. 


The research of which this paper gives an account was originated by the late 
Dr ALEXANDER Bruce and undertaken in conjunction with him; most of the material 
used had been accumulated by him during the later years of his life. The following 
preliminary communication made to the Pathological Society of Great Britain and 
Ireland in July 1910 represents in brief outline the position which had been reached 
at the time of Dr Brucz’s lamented death :— 


PRELIMINARY COMMUNICATION ON THE PATHOLOGY OF DISSEMINATED ScLERosis. By A. Bruce 
and J. W. Dawson. (Reprinted from Journ. Path. and Bacteriol., Cambridge, 1911, 
vol. xv, p. 126.) 


The plaques in disseminated sclerosis, wherever they are situated, are distributed evidently 
without any relation to nerve tracts. Their character and appearance suggest a gradual infiltra- 
tion from some central source into the surrounding or neighbouring tissues. In the cord their 
tendency is to pass inwards from the meninges in a more or less wedge-shaped form, their 
relationship to blood-vessels being often difficult or impossible to trace except in the earlier 
stages. The cerebrum and cerebellum are better adapted to give an idea as to their mode of 
formation because of the independence of the arterial and venous paths. Within the cerebrum 
the veins pass towards the wall of the ventricles and the choroid plexus towards the veins of 
Galen, and have in this way a distribution altogether different from that of the arteries. The 
same is true of the cerebellum. A study of a series of sections shows that the plaques are 
deposited in relation to the distribution of the veins and to the walls of the ventricles. An 
examination of sections of the cerebral hemispheres strongly suggests that the infiltration is 
along the lymphatic channels surrounding the veins. Similar conclusions are suggested by 
study of the sections of the pons, cerebellum, and medulla. 


For some years Dr Brucr’s attention had been concentrated on the important 
part played by the lymphatics in disease processes in the central nervous system, 
and I had the honour of being associated with him in the investigations which he 
hoped would throw light on the subject. The earlier results obtained were recorded 
in the paper “On the Relations of the Lymphatics of the Spinal Cord,” and more 


especially in that entitled “ Multiple Neuromata of the Central Nervous System.” As 
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the above abstract shows, Dr Bruce found in disseminated sclerosis a disease which 
in his view accentuated the fact that in certain cases the effects of the causal agent 
fall especially on the lymphatic system. He was one of the first in this country to 
point out that in many cases the peri-ventricular sclerosis is the most important 
lesion in this disease, and that it frequently dominates the macroscopic and micro- 
scopic pictures. He formed the opinion that the lesions in the ependymal and peri- 
ependymal tissues are probably of especial significance, and he argued that the 
existence of such marked lesions around the ventricles raised the possibility of the 
cerebro-spinal fluid having toxic properties and that the causal agent entered along 
the lymphatics in the peri-venous sheaths. At the same time the peri-vascular 
distribution of the areas in the central nervous system led him to recognise that 
the causal agent might also be disseminated by the blood channels. He was strongly 
convinced that the process was toxi-infective, and that the plaques were caused by a 
gradual infiltration of the tissue with toxic lymph passing from a central focus, and, 
while recognising the limitations of the method, he hoped that the careful histological 
investigation of the morbid anatomy of the disease might ultimately throw light on 
the nature of the morbific agent which is at work. 

Since Dr Brucr’s death I have worked up more fully the cases on which our 
earlier joint observations were founded, and I have also investigated a considerable 
mass of new material which has more recently been available. This material includes 
a case which is of special importance from the fact that a full clinical record taken 
under Dr Brucr’s personal supervision is in existence, and also on account of its 
having a fatal issue after a comparatively short course. This more recent work, 
and especially the observation of the acute case alluded to, brought new facts to 
light, and necessitated a reconsideration of some of the earlier conclusions. 

It is a pleasure to acknowledge my indebtedness to the family of the late Dr 
Bruce not only for the use of the material which belonged to him, but also for con- 
tributing to the expense of the research, and in particular to Dr Ninian Bruce for 
help in relation to certain points in pathological physiology and for reading the 
proofs of the paper. . 

During three of the years I have been engaged in this work I held a Carnegie 
Fellowship, and I desire to thank the Trust for the assistance given and for generous 
grants towards expenses and towards the cost of illustration. My thanks are also 
due to the Committee of the Royal College of Physicians’ Laboratory, Edinburgh, for 
the facilities afforded for the research, and to Professor Rrrcu1e, the Superintendent 
of the Laboratory, for his sympathetic interest and criticism throughout the in- 
vestigation. The coloured illustrations have been prepared by Mr Ricuarp Murr, 
of the University Pathological Department, and the micro-photographs by him, by 
Mr Wiut11am Warson, of the Royal College of Physicians’ Laboratory, and Mr 
Tuomas Haminton, my laboratory assistant; my acknowledgments are due to all 
of them for the care and skill they have exercised in executing the work. 
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INTRODUCTION. 


The following study is based upon the detailed histological examination of the 
nervous organs from nine cases of disseminated sclerosis. This name and its 
synonyms—multiple sclerosis, insular sclerosis, sclérose en plaques disséminées, 
Herdsklerose—indicate that the disease they designate has, as its chief anatomical 
feature, irregular sclerotic patches distributed throughout the central nervous system. 
Its manifestations, therefore, are protean, and an exact knowledge of its pathological 
anatomy is essential to the understanding of the various clinical forms of the disease. 

The works of Cuarcor, who first gave classical pictures of the disease—the 
clinical and anatomical,—show that to him the condition was a distinct morbid 
entity, and that it bore no relation to the other non-system diseases of the central 
nervous system. All subsequent studies have been influenced by the fundamental 
observations of CHarcor, and around the three cardinal points emphasised by him, 
proliferation of glia, degeneration of nerve fibres, and blood-vessel changes, have been 
grouped the various theories put forward to account for the origin of the process. 

The etiology of the disease remains absolutely obscure. The supposition of a 
selective poison acting through the blood-vessels, which has received the support of 
most recent investigators, is justified as an hypothesis but remains undemonstrated 
as a fact. Chief interest has, therefore, centred in the pathological anatomy of the 
condition, and the object of this study has been to trace, by means of the most 
recent available specific staining methods, the characteristics of the pathological pro- 
cess and to determine, as far as possible, the histological changes which form its basis, 
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The earliest pathological studies in disseminated sclerosis were made in chronic 
cases of the disease, and the lesions described were the sclerotic areas found distri- — 
buted in the brain and spinal cord. The recognition by later writers of acute stages 
of the disease and of cases of typical disseminated sclerosis running an acute course 
has caused me to direct special attention to the early changes and their relation to 
the development of the chronic sclerotic areas. In spite of the large number of 
works on the subject of disseminated sclerosis, its etiology and pathology present 
many problems for future elucidation. Our knowledge of the histology, especially 
of the early stages, has not kept pace with our recognition of the early clinical 
aspects of the disease. It was hoped, therefore, that a study of the earliest lesions, 
in tracing the réle which falls to the various tissue elements before secondary | 
factors had been introduced, would throw some light upon the nature and origin 
of the process. | 

No attempt has been made to give a complete representation of the literature of 
the subject. This is so extensive that it would scarcely have been possible, and, 
further, a detailed statement of all the hypotheses, often very vague and 
insufficiently based, seemed of little value. I have had in view, rather, a brief 
continuous account of the most important problems met with in the considera- 
tion of the pathological anatomy and pathogenesis of disseminated sclerosis. 
Having critically sifted all the available literature of the last twenty years, 
those writers have been chosen whose work has marked a new standpoint 
or an important step in our progressive knowledge of the subject. .In the 
critical discussion on the nature, origin, and cause of disseminated sclerosis, the 
works of Borst (1904) and Miiuer (1904) have been freely drawn upon, and readers 
are referred to MULLer’s monograph for a complete bibliography up to 1904. 
A list of the more recent anatomical researches will be found at the close of 
this study. 

The clinical notes of the cases were very incomplete, and no attempt has been — 
made to correlate clinical symptoms with the anatomical lesions in individual cases. 
The difficulty of bringing clinical symptoms into harmony with the anatomical 
findings in the central nervous system is a well-recognised fact, but, from the frequency 
with which certain areas are affected, attention has been drawn in the note on 
the Pathological Physiology to the possibility of predominant anatomical lesions 
explaining certain clinical symptoms. 

As the significance and interpretation of our observations depend largely upon 
the judgment we pass upon, and the importance we attach to, the methods of 
investigation used, I have given in considerable detail an outline of the methods 
employed. During the last third of the nineteenth century neuro-pathology laid 
special stress on problems affecting the localisation of nerve fibres in an endeavour 
to define accurately the position of diseased processes, and to follow out secondary 
degenerations while almost neglecting the histo-pathology of the diseased processes 
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themselves. Nuissu laid stress on the fact that practical neuro-pathology can and 
must be pursued without regard to definite ideas as to the functional significance 
of the individual component parts of the tissue. He pointed out that it is sufficient | 
in the first place to collect pathological data regarding definite diseased conditions, 
and that for that purpose the changes in the supporting tissue—the glia and the 
vascular connective tissue—may be of greater importance and much more really 
decisive than the changes in the specific tissue elements—the nerve cells and nerve 
fibres—which are yet of greater functional importance. The classical methods of 
Makrcui for early, and of Weicerr for late, fibre tract degeneration have, therefore, 
been supplemented by modern specific and diffuse staining methods. The examina- 
tion of small sections for the recognition of these finer histological details has, on the 
other hand, been supplemented by large brain sections through the whole hemisphere. 
These sections, stained with Weigert’s myelin sheath stain and a diffuse cell stain, 
give a very instructive comparative representation of the gyri and their associated 
sulci, and an idea of the extension of the process. | 

The pathological process may be disseminated through brain, pons, medulla 
oblongata, and spinal cord, and may produce symptoms of a very diverse character. 
The possibility of any useful clinical classification is, therefore, very slight, and an 
anatomical basis has been adopted for the classification of the various clinical types. 
According to the predominance of the symptoms, the disease has been divided 
clinically into cerebral, spinal, and cerebro-spinal forms, and the different possi- 
bilities of anatomical distribution and localisation have led to a similar patho- 
logical classification. Probably no cases are purely of one type, and experience has 
shown that, if sufficiently careful search is made, sclerotic areas will be found in 
nearly all cases distributed through both brain and cord, though perhaps much 
more marked in one or other position. As far as we know. from the findings in 
other organs of the body, there is no widespread reaction to the etiological factor, 
such as is found in acute poliomyelitis. The anatomical findings point to a process 
localised in the central nervous system. 

Before referring to some of the problems met with in the study of disseminated 
sclerosis, it will be convenient to give an indication of the pathological changes 
‘found in a well-marked. case of the disease. Wu1LLIaMson (1908) in his text-book 
gives a brief, clear description of the main features of the pathological anatomy, 
from which we take the following detached statements :— 

“The pathological examination of the nervous system reveals patches of sclerosis 
scattered about in the most irregular manner in the brain, pons, medulla, and 
spinal cord. Both white and grey matter may be affected, though the former is 
more frequently the seat of the disease. The patches are in some cases grey in 
colour and sharply defined ; in others greyish white and less sharply defined. Large 
patches in the cord, medulla, and pons may extend over the greater part of the 
transverse section. The largest patches are seen in the white matter of the brain. 
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The older patches are firmer than the normal substance of the brain or cord, but 
recent patches are occasionally seen which are gelatinous and softer than the normal 
tissues. The chief macroscopical characters of the lesions are their insular character, 
their irregular dissemination, the absence of secondary ascending and descending 
sclerosis in most cases. This feature—the absence of secondary degeneration— 
sharply distinguishes disseminated sclerosis of the spinal cord from other multiple 
lesions, such as disseminated myelitis and multiple syphilitic lesions. 

“Under the microscope a striking feature of many patches is their sharply 
defined nature. This feature is well seen in the sections stained according to 
Weigert’s method. Examination under a high power shows that medullated nerve 
fibres are generally absent in the sclerotic patches; but sometimes at the border of a 
patch there is a zone in which the medullated fibres are present, though scanty: At 
the periphery of some patches compound granular cells are found, along with indica- 
tions that the morbid process is still active. In the patches of sclerosis the axis 
cylinders of the nerve fibres are very often present though the medullated sheaths 
have disappeared. The ganglion cells of the grey matter escape degeneration for a 
long period in the diseased patch; but at a very advanced stage they, like the axis 
cylinders, may finally disappear. The neuroglia connective tissue in a diseased patch 
is often greatly increased and converted into a dense fibrous tissue. Spider cells 
may be present, but the neuroglia is not richer in nuclei than in the normal condition. 
In other cases the neuroglia, though increased in amount, has an amorphous or 
homogeneous appearance under the microscope. In some patches the nerve fibres 
have degenerated, and spaces are left in the neuroglia from which the true nerve 
elements have disappeared, but the connective tissue itself has not proliferated. 
Compound granular cells are often present, especially at the periphery of a patch. 
They are most numerous in recent patches, but may be absent in old patches. Often 
there are large epithelial-like cells in cavities near blood-vessels. The walls of the 
blood-vessels in some cases appear normal; in some cases they are thickened and 
hyaline or present evidence of endo- or peri-arteritis; in other cases (in recent 
patches) the peri-vascular lymph sheaths are filled with round cells, compound 
granular cells, and fat globules. Often a large altered blood-vessel is found in the 
centre of a patch of sclerosis. 

“Four forms of sclerosed patches may therefore be met with: (1) patches in 
which nerve fibres have degenerated, leaving sieve-like small cavities in the neuroglia, 
whilst the neuroglia connective tissue itself has increased very little ; (2) patches in 
which there is marked proliferation of the neuroglia along with degeneration of nerve 
fibres; (3) patches presenting diffuse proliferation of neuroglia, whilst the nerve 
fibres and cells persist ; (4) recent patches presenting changes very similar to those 
of cerebral softening—products of nerve degeneration and myelin drops, fat granular 
cells, and distension of the peri-vascular sheath of the blood-vessels with round cells. 
A point of importance is the presence of patches in various stages of development, 
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in the same case ; some patches presenting firm sclerosis, whilst others are soft and 
recent, and may resemble ordinary softening.” 


A brief reference must now be made to some of the main problems met with in 
the study of the pathology and pathogenesis of disseminated sclerosis. Recent 
works show how widely views differ regarding these, and how vague and confused 
are the issues placed before the reader. One reason for this seems to lie in the 
absence of any distinction being drawn between the question of the nature and that. 
of the origin of the process. These are undoubtedly the two most important 
problems: (1) what is the nature of the process underlying disseminated sclerosis ? 
and (2) where has it its origin, z.e. in which structural element of the nervous tissue 
does it take its rise ? 

An attempt to answer the first of these questions. has led many writers to 
a diffuse discussion regarding the distinction between inflammatory and non- 
inflammatory processes in the central nervous system. The views as to what 
constitutes true inflammation are nowhere so conflicting as when the term is used 
in connection with the central nervous system, and in the case of no other organ 
are the conceptions of different writers as to the relation of inflammation to pure 
degeneration so fundamentally opposed. The nature of chronic inflammation also is 
again nowhere so obscure as when the term is used in connection with the central 
nervous system. ScHmavs (1903) has summarised the inflammatory process in the 
central nervous system under the general conception of a reaction process, which 
may express itself by an increase in the vital activity of any of the tissue elements, 
and, for the purposes of this paper, the term is used in this sense 

The pathological anatomy of disseminated sclerosis bears no analogy to any 
other known pathological process in the body. We know, e.g., of no process in 
other organs in which the relative integrity of the specific functioning parenchy- 
matous tissue is associated with the enormous increase of the interstitial tissue 
occurring in definite circumscribed areas. 

Further, experimental investigation has as yet thrown little light on this 
question: it has proved only that disseminated areas of myelitis may result in a 
reparative growth of neuroglia, but it has not proved that areas of disseminated 
sclerosis proceed from an acute myelitis. i 

The attempt to define more clearly the nature of the process is rendered more 
difficult, therefore, by the difficulty of defining the term inflammation in the central 
nervous system, by the absence of analogies from the pathology of other organs, and 
by the absence of results realised from experimental investigations. 

Two views in particular have been advanced to explain the nature of the process. 
Byrom BraMWELL (1904) has succinctly summarised them thus: “(1) That the 
sclerotic lesions are the result of some irritant which is distributed through the 
nerve centres by the blood-vessels. (2) That the disease is due to some develop- 
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mental or congenital defect of the neuroglial or nervous tissue (perhaps similar to 
or analogous to the gliomatosis in cases of syringomyelia) which renders it more 
vulnerable or liable to be affected by irritation than the neuroglial or nervous tissue 
of the normal individual.” 

These views may be termed the exogenous and endogenous theories, using 
these words in their strictest meaning. The former ascribes to disseminated 
sclerosis an inflammatory process as its basis, and most observers accept the 
infla&mmatory nature of the process in some form. The latter view, strongly 
advocated by SrrvmMpPELL and supported by MitrER in his monograph, looks upon 
disseminated sclerosis as a disease independent of external factors, except as “agents 
provocateurs.” Mi Lier distinguishes between true or primary disseminated sclerosis, 
a primary glia formation due to malformation of the glia—a disease sui generis—and 
secondary disseminated sclerosis, a myelitic form, one of a community of allied 
diseases. This standpoint, that a uniform explanation of all cases of disseminated 
sclerosis cannot be given, is taken up by many recent writers. Others, however, 
cannot recognise the existence of an acute or secondary disseminated sclerosis which 
differs in its evolution from the chronic forms, but whose pathological anatomy is 
yet almost identical. . 

Concerning the origin, as concerning the nature of the process, the views are no 
less divergent. Supporters of the endogenous theory see in disseminated sclerosis a 
multiple gliosis whose origin is, naturally, in the neuroglia tissue. Supporters of — 
the inflammatory nature of the diseased process are, however, widely divided in 
their views regarding its origin. In a sclerotic patch changes occur in the three 
separate structural elements of the tissue: (1) the nervous elements—the myelin 
sheath of the nerve fibre ; (2) the interstitial tissue—the glia; and (3) the blood- 
vessels. The differing views are related to these three components, and according 
to the anatomical change most in evidence writers have ascribed the origin of the 
process to a primary parenchymatous change, a primary interstitial process, or a 
primary vessel alteration. We must undoubtedly differentiate three groups of 
changes, and the question constantly arises, which is primary and are the others 
secondary, 1.e. are they so related as to be cause and effect, or are they together 
due to the simultaneous action of the etiological factor? Many neuro-pathologists 
believe that here, as elsewhere, it is immaterial whether the reaction is discernible 
first in the parenchyma, or interstitial tissue, or vessels. It may be assumed that 
there are individual factors which, through the reaction of the tissues upon the 
unknown, though probably toxic, stimulation of the three components, determine the 
anatomical picture, allowing in one case one component and in another case another 
component to come to the front. 

It is, therefore, clear that amongst the questions raised in any discussion 
regarding the nature and origin of disseminated sclerosis are the following :—its 
relation to acute, subacute, and chronic inflammatory processes in the central 
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nervous system, and, further, its relation to the different processes, e.g. diffuse 
cerebro-spinal syphilis and diffuse arterio-sclerosis, which have as their terminal 
product a sclerosed area. 

In addition to its unexplained cause, nature, and origin, numerous other problems 
are met with in the study of disseminated sclerosis. A few of these falling within 
the scope of this paper, which is primarily concerned with histological data and 
those questions on which the anatomical picture may throw any light, may now 
be mentioned. 

Disseminated sclerosis has been attributed to a variety of causes, some of which 
must be considered later, but, as has been stated previously, the etiology remains 
unexplained. A study of the cerebro-spinal fluid in disseminated sclerosis has as 
yet thrown little light on the disease, but investigations along this line have not 
been extensive. No culture has been obtained from the fluid, and such organisms 
as have been found in brain and cord sections must be regarded as having an 
accidental and not a causal relation to the disease. In the absence of any specific 
organism the morbid changes have been attributed to the action of a toxin. This 
hypothetical toxin has not been isolated, but it is suggested that it forms either in 
the body, possibly in the course of an infective disease, or is brought there from 
outside of it. For the distribution of this infective agent we have three paths: 
the blood-vessels, the lymph-vessels, and the central canal of the spinal cord. In 
view of the importance of the lymphatics of the central nervous system in the 
distribution of infective agents, and the distinction, emphasised in numerous recent 
works, between hematogenous and lymphogenous infection of the central nervous 
system, the histological data which give any aid in understanding this problem of 
the path of infection will be considered. Amongst the further questions raised by 
this consideration will be the following: why and how the toxin becomes circum- 
scribed, and why, if it is carried by the blood-channel, it does not spread diffusely but 
should act arbitrarily on detached smaller blood-vessels or a portion of the distribution 
of such a blood-vessel. 

Further, clinically, the course of the disease is marked by remissions and exacerba- 
tions, and histologically we find in nearly every case chronic areas side by side with 
areas of a more acute process. ‘Two questions arise: what relation have these more 
recent areas to the original pathological process; and, if related, is it that the 
injurious agent has remained in the body for years or is re-formed there, or is it that 
the original “ noxa” lowered the vitality of certain portions of the nervous tissues, 
so that, later, other exciting factors overturned the balance of repair and waste and, 
in WerceRt’s sense (Weefall von Wachstumhindernissen), disturbed the equilibrium 
between parenchyma and supporting tissue and removed the normal controlling 
influence which one tissue element of a complex structure normally exercises upon 
the other tissue elements ? 


Finally, in this connection must be mentioned one striking characteristic of the 
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picture. Most observers who have had the opportunity of examining cases clinically 
and anatomically have noted the disparity between the anatomical change and the 
disturbance of function. From the days of CHarcot onwards this has been related 
to the persistence of the axis-cylinder and the comparative integrity of the ganglion 
cells in a sclerosed patch, with the consequent absence of secondary degeneration. 


iL}, 
HISTORICAL. 


The lesions in disseminated sclerosis were figured by CRUVEILHIER in his Aélas 
@anatomie pathologique (1835-1842), and the condition was first clinically 
described by Frericus (1849). RrinprLerscH (1863) carefully examined the morbid 
anatomy : both CRUVEILHIER and he representing the lesions under the name “ grey 
degeneration.” The disease, however, was not generally recognised until CHaRcor 
published his famous lectures (1866). CHarcot, working at the Salpétriére, may be 
said to have given the classical account of the disease, both in its clinical manifesta- 
tions and its anatomical features. The three cardinal symptoms—intention tremors, 
nystagmus, and scanning speech,—when present, were considered as diagnostic of 
disseminated sclerosis, and what may be regarded as the three cardinal and essential 
points of the anatomical picture—absence of myelin sheath, neuroglia proliferation, 
and persistence of the axis cylinders-—were no less certainly thought to be distinctive 
of this disease. It has been named by the French writers “sclérose en plaques 
disséminées,” by the Germans “ Herdsklerose,” and the appropriate and expressive 
’ was proposed by Moxon. 

Since the time of CuHarcot, however, it has come to be recognised that the 
essential clinical features are the grouping of certain symptoms and their variability. 
Pathologically, too, it is now recognised that the anatomical features, once thought 
to be distinctive of disseminated sclerosis, may be the final stage of quite different 
processes. In the Introduction it has been stated that the two groups of theories 
put forward to explain the nature of the morbid process may be classified as 
Kxogenous and Endogenous. As the latter term has come to bear a wider signi- 
ficance than that first attributed to it, it has been thought advisable to refer to it 
under the name “ Developmental.” The term “exogenous” must be admitted to be 
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synonymous with “inflammatory,” using this word in its widest sense, as a 
reaction process. 

In the following survey of the literature, the writers will be referred to under the 
following groups :—those who support the inflammatory nature of the process, those 
who support its developmental nature, and a final group including the more recent 
investigators. It will be sufficiently evident that the views of many recent workers 
cannot be precisely defined. 
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Classification :— 
(1) Inflammatory nature of the process :— 
A. Primary change in the neuroglia. 
B. Primary change in the parenchyma. 
C. Primary change in the blood-vessels. 
D. Disturbances in the lymph circulation. 


(2) Developmental nature of the process :— 
A. Deficient “ Anlage” of the nerve elements. 
B. Multiple gliosis. 


(3) More recent researches, 1903-1913. 


(1) InrLamMMatTory NATURE OF THE PROCESS. 


The views as to the inflammatory nature of the process are related to considera- 
tions regarding primary changes in the gha, the true nervous elements, and the 
blood-vessels. The final etiological factor or factors which bring the primary change 
into operation have, as yet, received no satisfactory explanation, but it is agreed 
that the postulated virus circulates in the blood-vessels or lymphatics and exerts 
its action primarily on the glia, the myelin sheath of the nerve fibre, or the blood- 
vessel wall itself. 

A. Primary Change in the Gla. 


According to the writers who support this view, the morbid process starts in a 
formative irritation of the glia, comparable to a chronic interstitial inflammation in 
other organs, e.g. liver or kidney. The thickening of the glia reticulum and the 
formation of the glia fibrils strangle, as it were, the myelin sheath of the nerve 
fibres, which gradually diminish in volume and then disappear, leaving the axis 
eylinders persisting for a long time. 

Cuarcor (1866) and his followers held firmly to this view: they regarded the 
changes in the nerve fibres as secondary to the glia proliferation and the changes in 
the blood-vessels as a much later and not an essential part of the process. CHARCOT 
looked upon the neuroglia as a reticulated connective tissue, the meshes of which 
contained one or more nerve fibres. In the grey matter the meshes were much 
smaller than in the white, and in both the network served as a framework for the 
blood-vessels. At the nodal points of the reticulum were situated the neuroglia 
nuclei with a thin layer of protoplasm and numerous processes of different lengths. 
These processes seemed to unite with the trabeculze of the reticulum, which continue 
them, as it were, without any line of demarcation. In his description of the 
topographical distribution of the areas he noted the frequent peri-ventricular 
localisation, that the spinal and cranial nerve roots were frequently affected, and 
that the dorsal sections of the medulla oblongata, where the cranial nuclei lie, show 
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special predisposition to the development of plaques. Ile remarks, however, that 
they are rarely found in the grey substance of the convolutions. Regarding the 
macroscopic characters of the areas, CHarcor noted that they were sometimes 
turgescent, sometimes on a level with the surrounding parts, and sometimes 
depressed, of a firm consistence, and circumscribed. In colour they resemble the 
erey matter, with numerous vessels distributed through them, and on contact with 
the atmosphere they assume a rosy hue. 

Microscopically Cuarcor showed that the apparently definite line of demarcation 
of a patch was an illusion. He distinguished three concentric zones in which, from 
the periphery inwards, the changes increased in intensity :—(a) a peripheral zone 
with thickening of the glia reticulum and increase in size and number of the glia 
nuclei; diminution in volume of the myelin sheath; and unaltered axis cylinders: 
(b) a transition zone in which the glia reticulum is still more hypertrophied and in 
places replaced by bundles of long and slender fibrils, which are disposed in a 
direction parallel to the long axis of the nerve fibres ; the nerve tubes are still more 
atrophied and often represented by the axis cylinders, which may be very enlarged : 
(c) a central zone with the most marked changes. Here all traces of a reticulum 
have disappeared ; the glia nuclei are shrunken, and may form groups between the 
closely arranged bundles of fibrils. In the midst of the fibrils persisting axis 
cylinders are present: these on longitudinal section are thicker than the glia fibrils 
and never rarefied. This long persistence of the axis cylinders was looked upon as 
one of the characteristics of disseminated sclerosis, and CHarcot ascribed to this 
fact the absence of secondary degeneration. He so emphasised this finding as to 
make it a ‘differential pomt in the diagnosis between disseminated sclerosis and 
disseminated myelitis. 

Cuarcor further noted alterations in the blood-vessels within the areas. In the 
peripheral zone even the finest capillaries were prominent, and in the central zone 
the walls of the vessels were very thickened, and contained numerous nuclei. Fatty 
granulations were also found in recent areas, not only in the meshes of the recticulum, 
but also in the walls of the blood-vessel, especially in the transition and peripheral 
zones. ‘These granulations were thought to be due to the disintegration of the 
myelin sheath. A peculiar alteration in the nerve cells was described, which was 
designated “yellow degeneration”; this was a form of atrophy of the cell, with a 
disappearance of the cell-processes. 

Cuarcor related the peculiar intention tremor, so characteristic of disseminated 
sclerosis, to the absence of the myelin sheath from the long-persisting axis cylinders. 
The transmission of voluntary impulses would thus still proceed by means of the 
denuded axis cylinders, but it would be carried on irregularly in a broken or jerky 
manner, and would thus produce the oscillations which disturb the due execution of 
voluntary movements. It was thought possible also that the naked axis cylinders 
might again clothe themselves with myelin, and thus effect a restitutio ad integrum., 
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In reading Cuarcort’s lectures, one is struck by the accuracy of the observations, 
made with so limited a histological technique, and one must admit that, in spite of 
recent specific staiming methods, little has been added to the classical histological 
picture of CHarcor. 


B. Primary Change in the Parenchyma. 


All the writers in this group regard the change in the myelin sheath of the nerve 
fibre as the primary one: they contend that an infective or toxic “noxa” may act 
directly and primarily upon the nerve fibre before there is any trace of glia prolifera- 
tion, and without a primary vessel disease. 

REDLICH (1896) considers that the first impulse to the disease may be given, e.g. 
by infective diseases, in such a way that there is brought about an acute degenerative 
decay of the myelin sheath of the nerve fibre, analogous to that produced by experi- 
mental infection of micro-organisms or their toxins. He thinks that the acute 
degeneration of the myelin sheath finds an analogy in peri-axial neuritis, which like- 
wise is found in toxic diseases. REDLICH suggests that a further advance of the 
disease may be caused by the original agent having caused, in addition to the evident 
areas, an alteration in the nutrition of other portions of the central nervous system, 
and later, through excess of function or strain, these parts may perish. 

The vessel changes are looked upon as accessory phenomena, for the great 
irregularity in the distribution and form of the areas in the cord seemed to argue 
against the dependence of the foci on the vessels. ‘The interstitial changes in the 
glia are regarded as dependent upon the parenchymatous degeneration, though it is 
admitted that the absence of definitely proved areas in the peripheral nerves argues 
for the presence of glia as essential to the process. 

Repuicu thinks that all the actual histological changes found in disseminated 
sclerosis may be found in other conditions, but their actual grouping is characteristic 
of disseminated sclerosis. He distinguishes three types of areas :— 

(a) Very dense patches which consist of very fine parallel fibrils with ghia cells 
and nuclei. The processes of the cells are often very distinct, and give to the cell 
the appearance of beautiful spider cells; the cross-section of the fibrils gives the 
impression of granules. Within these areas few myelin sheaths are left, and the 
axis cylinders persist, but are swollen or atrophied. The transition to normal tissue 
is a gradual one. 

(b) A large-meshed tissue with thickened glia trabeculee but no definite area. 
In this tissue the vessels are more or less changed, the walls frequently hyaline, and 
the peri-vascular glia increased. 

(c) A wide-meshed network with glia trabecule only slightly thickened. The 
nodal points of this meshwork are occupied by glia cells with their processes ; the 
meshes are empty because the nerve fibres have completely perished, and the tissue 
has an areolar appearance. In the neighbourhood of these areas are found nerve 
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fibres, both myelin sheaths and axis cylinders, undergoing acute degeneration. Such 
areas are often accompanied by secondary degeneration, and Repiicu thinks that 
there is no connection between these and those of the first kind. 

In the grey matter are found areas of the first and second types, in which the 
ganglion cells remain for a long time exempt. 

Huser (1895) also accepts the view of a primary parenchymatous change, 1.e. 
‘a simple degenerative decay, not an actual inflammatory decay.” 


C. Primary Blood-vessel Alterations. 


This view, stated in simple terms, is that the chief and essential réle in the 
process is ascribed to the changes in the blood-vessels: these give rise to an altered 
nutrition of the surrounding tissue, leading to degeneration of nerve fibres or to an 
extension of the inflammatory process to the peri-vascular tissue, with subsequent or 
simultaneous glia proliferation. 

RINDFLEISCH (1863) was the first to note the significance of blood-vessel changes 
in the areas of “ grey degeneration,” and the intimate relation of these areas to the 
blood-vessels. It was thought that a chronic irritative condition of the vessel wall 
introduced the process: that the consequent altered nutrition of the tissue led to 
changes in the nerve fibres, and, through the extension of the formative irritation, 
the surrounding glia was involved in a radiating direction. RiINDFLEIScH found the 
walls of the small arteries and all their delicate ramifications enormously thickened 
and infiltrated with cells, even in the earliest stages of the process: the walls of the 
capillaries and veins were also surrounded by numerous nuclei. 

RinprLeiscH looked upon the gla as a fused protoplasmic mass with inserted 
nuclei. He thought that in “grey degeneration” there set in a redivision of the 
protoplasm around the nuclei, while the periphery of the cell elements, which thus 
arose, formed into fine fibres. The final result was a feltwork of fine fibres, which is 
saturated, like a sponge, with a mucoid fluid containing only a few nuclei. He also 
gave the first accurate description of the large multi-nucleated, ramified glia cells 
found in the early areas—the so-called spider cells, or monster glia cells, or Deiter 
cells, or Rindfleisch cells. 

RINDFLEISCH gave no suggestion as to the nature of the final cause of the 
postulated alteration of the vessels, nor of the cause of its special distribution. The 
sequence of the process was as follows :—(1) the change in the vessels; (2) atrophy 
of the nerve elements from- malnutrition; (8) metamorphosis of the connective 
tissue (glia). 

Ripper (1882) related the areas in disseminated sclerosis to a primary dissemin- 
ated thrombosis. He described in all the patches a congested vessel, and in several 
the vessel was so cut that it ran through the whole extent. of the area. In two 
small patches cut in serial sections there were found in the lumen of the vessel white 
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blood-cells, partly adherent to the vessel walls and partly filling the vessel as 
emboli. Rispert looked upon these as multiple thrombi, and thought that they 
played an important réle in the causation of the process, for in such thrombosed 
areas arose the commencing emigration of leucocytes. He thought that the charac- 
teristic form of the areas might well be accounted for by multiple emboli, and he 
also related to the blood-vessels the fact that the cerebral areas so frequently reached 
up to the cortex but did not involve it—explaining this circumstance by the few 
anastomoses between the vessels of the white and grey matter. 

RreserT thought that the exciting cause of the inflammation circulates in the 
blood, and that owing to its presence a clot formed at some part of a small blood- 
vessel. At this point an irritation of the vessel wall is set up with a peri-vascular 
inflammation: this inflammation extends around the blood-vessel and invades the 
surrounding tissues, causing degeneration of the nerve fibres and an active prolifera- 
tion of the glia. The glia nuclei proliferate and form large cells with an abundant 
protoplasm from which radiates the fibre-work of the glia. The fat granules, arising 
from the degeneration of the myelin sheath, are taken up by the emigrated white 
blood-cells and are carried to the lymph sheaths of the blood-vessels. The prolifer- 
‘ated glia, after the removal of the fat, forms numerous fibrils, and thus arises 
a dense grey sclerotic area in which the protoplasm even of the large nucleated 
cells disappears. 

French writers support chiefly the vascular origin of disseminated sclerosis. 
Amongst these may be mentioned the names of DiJERINE and PIERRE Martin. 

D&JERINE (1884) maintained that the configuration and dissemination of the 
areas could be explained only by relating them to changes in the blood-vessels. He 
found the blood-vessels altered, with a peri-arteritis and their calibre diminished, 
and that a vessel, thus changed, was the central point of each plaque. D&JERINE 
thought that the causal factor, a microbe or a humoral agent of undetermined 
nature, circulated in the blood-vessels, modifying in some way their nutrition, and 
that this was the primary change. The effect on the surrounding tissue is seen first 
in the glia, which by its proliferation caused an “ excentric compression of nerve 
tubes,” leading to their disappearance. 

Pierre Martie (1884-1895) has emphasised the special relation of disseminated 
sclerosis to infectious diseases, especially enteric fever, pneumonia, scarlet fever, and 
measles, and, of lesser importance, diphtheria, whooping-cough, erysipelas, dysentery, 
and even cholera. Marir thinks that disseminated sclerosis is due, not to the 
different micro-organisms which produce these diseases, but to a combined infection 
occurring during their course. He suggests that the lesions in the brain and spinal 
cord are probably due to an ordinary pathogenic microbe, whose special action is 
due to its special localisation. The etiological influence of the infectious diseases is 
such that there may result changes of the vessels, and the sclerotic areas are 
therefore due to the localisation of infectious vessel disease in the central nervous 
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system. Most French writers, among whom PuHiILirprr and Jones may specially be 
mentioned, have accepted this conception of Marin’s, which, as can be seen, is a 
deduction from RrBBert’s. | 

Regarding the histological characters of the areas, Marie laid special stress on 
the alterations in the blood-vessels and the persistence of the axis cylinders. The 
external coat of the vessel is specially affected, and on this account the lumen 
appears open and dilated in areas where the sclerosis is pronounced. The peri- 
vascular sheaths are full of granular bodies. From the persistence of the axis 
cylinders the following deductions are drawn :—(1) the absence of secondary degenera- 
tion in the path of the nerve fibres; (2) the remission, improvement, and even 
cure which may occur, since the part of the nerve absolutely necessary for the 
transmission of the nervous current is retained; (3) it throws light upon the 
pathology of tremor. 

MarieE regards disseminated sclerosis as an interstitial process which has its 
origin in the blood-vessels. Possibly the infectious agent itself, rather than the 
materials which it secretes, brings this’ about, considering the dissemination of the 
lesions and their essentially embolic character. The presence of fat granular cells at 
the periphery of the islets points to the continued activity of the morbid process, 
since the products of the degeneration of the nerve fibres are not yet fully absorbed 
and are still being produced. 

MakzieE also points out that there are two forms of sclerosis: the one, in which the 
foci have a clear-cut appearance and in which numerous axis cylinders are found 
within the glia sclerosis; and a second, with diffuse foci having very irregular and 
deeply indented borders and in which axis cylinders as well as myelin sheaths have 
often perished. He thinks that these two forms are distinct and are due to different 
causes, though both are probably a sequelee of infectious disease. The latter is 
referred to under the name of “diffuse multilocular sclerosis,’ and the classical 
symptoms of disseminated sclerosis are frequently absent, especially the intention 
tremor, disorders of speech, and the eye symptoms. Paralysis is more often present, 
and its course is often rapidly fatal. 

Wiitramson (1894-1908). A brief description of the pathological anatomy of 
disseminated sclerosis, as outlined by Witttamson, has already been given. It 
remains to be added here that this author strongly supports the view of an alteration 
of the blood-vessel caused by a primary altered blood condition. The irregular 
distribution of the sclerotic patches, without any relation to nerve tracts or nerve 
fibres, seems to him suggestive of a primary change either in the blood or the blood- 
vessels or lymphatics. The frequent presence of marked vascular changes, e.g. the 
infiltration of the peri-vascular sheaths with round cells in the early areas, and the 
sclerotic or hyaline thickening of the vessel walls in older areas; the presence of a 
vessel with altered walls in the centre of an area; and occasionally the extension of 
an area of sclerosis corresponding to the area of distribution of a blood-vessel, all 
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point to the primary dependence on the blood-vessels. WILLIAMSON records a case 
where one of the areas corresponded roughly with the distribution of the anterior 
median artery of the spinal cord at one region, and the vessels in the anterior median 
fissure were dilated and surrounded by round cells and nuclei before they entered 
the substance of the cord. A thrombus was also present in the anterior median vein 
just at the commencement of the anterior median fissure, and several small throm- 
bosed veins were found in the pia mater on the surface of the cord. 

The pathological changes in disseminated sclerosis are thought to be very 
suggestive of the presence of some irritating substance in the blood, which stimulates 
the endothelium of the walls of blood-vessels and of the walls of the peri-vascular 
lymphatics, and which causes an extravasation of toxic lymph into the surrounding 
nerve tissue, with consequent degeneration of the myelin sheath of the nerve fibre. 
The presence of recent patches alongside old patches shows that the morbid agent 
persists in the organism and is able to cause the development of new patches of the 
disease long after the onset of the affection. 

_ GoLpscHEIDER (1896). The views of this writer are very similar to those of 
Wituramson. He believes that the walls of the blood-vessels play an important réle 
in the process, and that substances giving rise to cell-proliferation affect the walls of 
the blood-vessels by filtration and diffusion from the blood. The peri-vascular 
inflammation leads first to a solution of the surrounding myelin, and this leads to a 
reactive interstitial inflammation. GoLpscHEIDER thinks that disseminated sclerosis 
is a disseminated myelitis running in acute and subacute stages. 


D. Disturbances in the Lymph Circulation. 


Changes in the lymphatics of the central nervous system have recently received 
considerable attention. In disseminated sclerosis the lymphatic spaces of the 
adventitia of the blood-vessels are frequently distended and filled either with fluid 
or with cells, or they are more or less obliterated by dense fibrous tissue. Borst was 
the first to bring these changes, which are dependent on a primary disease of the 
blood-vessels, into causal relationship to the areas of sclerosis. The disturbed lymph 
circulation expresses itself in characteristic serous infiltration, and the obstruction to 
the return of the lymph causes a lymph stasis in the area, which leads both to a 
myelin sheath degeneration and a forcing apart of the meshes of the glia, on the 
basis of a hyperlymphosis. 

Borst (1897-1904) made a very careful histological investigation in five cases of 
disseminated sclerosis. He has also written a review of the whole subject (1904), a 
review to which I have already expressed my frequent indebtedness. On the 
grounds of his own investigations Borst thinks that the indications of lymph con- 
gestion and lymph stasis were sufficiently significant to account for the origin and 
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ally, and within each a blood-vessel, cut longitudinally or transversely, could be 
traced, surrounded by a delicate peri-vascular space. Microscopically the pia of both 
brain and spinal cord was thickened, and all the vessels, especially the arteries, were 
also thickened: the vessels within the areas were hyaline and often obliterated, 
especially the paracentral vessels. Outside the areas the blood-vessels were 
also thickened and their lumen narrowed. In several cases the thickened vessel 
was the apex of an oval area. There was frequent marked glia proliferation around 
the central canal. Borst specially emphasises the presence of cystic spaces, often even 
macroscopically evident, around the obliterated vessels: these spaces were lined by 
cubical epithelium, probably arising from the glia, in virtue of its origin from the 
ependymal epithelium. These cystic spaces were regarded as having undoubtedly 
arisen in relation to the obliterated vessels, and, apparently, first as delicate peri- 
vascular spaces: they were, therefore, an expression of the obvious congestion of the 
lymph circulation. 

As a further expression of this congestion there were found disseminated areas, 
usually round or oval and distinctly circumscribed, within which there was a rare- 
faction of the myelin constituents of the nerve fibres, while the axis cylinders remain 
naked. The glia in these areas is very delicate, and the glia cells are transformed 
into large protoplasm-rich forms. Such areas are described as “ Lichtungsbezirke,” 
are ascribed to a hyperlymphosis of the tissue, and are looked upon as a fore-stage of 
the sclerosed areas. When the increased pressure of the lymph is removed, the glia 
undergoes proliferation and invests the persisting axis cylinders with a more or less 
dense fibre feltwork. The proliferation of the glia need not always be solely a 
substitutive process which arises in consequence of the degeneration of the myelin: 
the existing hyperlymphosis may act as a stimulus to the glia, causing an inflam- 
matory glia proliferation. 

What the final cause is which acts on the membranes and the vessel walls, Borst 
concludes must be mere conjecture. The virus, in acute infections, courses in the 
first place in the blood, and from it passes through the walls of the vessel, causing an 
arteritis and a peri-arteritis in more or less intense degree. According to the degree 
of the lesion produced in the vessel we get abnormal permeability, diminished 
resistance to the oscillations of blood-pressure, and paralytic dilatation. Later, 
owing to a longer-acting irritant, the vessel changes assume a more or less productive 
character and express themselves chiefly in thickenings of the vessel wall and 
narrowing of the lumen. Through these processes in the vessel walls occur 
circulatory and nutritive disturbances. Borst’s view is, therefore, an extension of 
RINDFLEISCH’S view ; he ascribes to the influence of the disturbed lymph-circulation 
the origin and extension of the process, but the changes in the vessel walls give 
occasion to the existence of the lymph-congestion. 

Arnpt (1875) had, previous to Borst, laid emphasis on the influence of lymph- 
congestion in the production of areas of “ grey degeneration.” Arnpr looked upon 
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the glia cells and their processes as lymph bodies and canals, 7.e. as the roots of the 
lymph vessels: he believed that in lymph-congestion these lymph-carrying elements 
swell and finally burst, setting free the lymph in the surrounding tissue. The nerve 
fibres then degenerate in consequence of the pressure of this congested lymph. 
Though Arnpr’s views on the glia texture of the central nervous system have been 
given up, his view of the influence of the disturbed lymph-circulation on the 
structural elements of the central nervous system, and especially in relation to “ grey 
degeneration,” is very important. 

Scumavs (1901-1905) has also ascribed a considerable significance to the presence 
of lymph-congestion and cedema in a large number of general diseases, e.g. pernicious 
anzemia and chronic nephritis. The cedema leads to a dilatation of the meshes formed 
by the glia, to a swelling of the whole glia tissue, which may advance to such an extent 
that the fibrils blend to a homogeneous glassy or slightly granular mass, and to the 
presence of a homogeneous or granular substance in the lymph sheaths of the vessels. 
The myelin sheaths swell and become varicose, and the axis cylinders are swollen and 
twisted, on longitudinal section. That these signs are not pre-agonal or agonal is 
proved by the frequent presence of fat granular cells in the lymph sheaths of the 
vessels. In such diseases one is inclined to trace the origin of the cedema to toxic 
substances which circulate in the blood and cause an injury of the vessel wall, which 
thus becomes permeable to the serous fluid and allows of an increased transudation 
of (toxic) lymph. 

In disseminated sclerosis Scumavs thinks that the dilatation of the peri-vascular 
lymph spaces can be explained only by the assumption of a congestion in the lymph 
stream, which, therefore, distends them. The changes in the blood-vessels, especially 
the frequently observed adhesions of their lymph sheaths, and the frequent adhesion 
and thickening of the menirges, lead to this obstruction to the lymph stream. ‘The 
acute infection which precedes the disease (disseminated sclerosis) gives rise to these 
chronic inflammatory and proliferative processes in the vessel walls; these, on the 
one hand, lead to weakening of the vessel wall and dilatation of its lumen, and on 
the other hand to condensation and adhesion of its lymph sheaths. Thus is brought 
about an obstruction to the lymph flowing away, and, in dependence on this lymph 
stasis, a swelling and degeneration of the nerves fibres in the “ Lichtungsbezirke.” 
When the glia in such areas undergoes a compensatory crowth, we get the formation 
of a sclerosed area. Thus a hyperlymphosis may be regarded as the “ Grundlage ” 
of the disease, and this may explain the various types of areas found in disseminated 
sclerosis. Scumavs thus supports Borst’s view of a hyperlymphosis, but attributes 
to it far less significance than Borst, for he thinks that the constancy of blood-vessel 
and meningeal changes is by no means proved. 


536 DR JAMES W. DAWSON ON 


(2) PRocrss UNDERLYING MuLtTrPLe SCLEROSIS FOUNDED UPON A DISTURBANCE 
OF DEVELOPMENT. 


A, Deficient “Anlage” of the Nerve Elements, with Hypoplasia or 
“Agenesie” of the Myelin Sheath. 


Scutrr and other writers have thought it possible to trace disseminated sclerosis 
to partial or total absence of the myelin sheath formation. We know that the 
appearance of the myelin represents a definite stage in the development of the nerve 
fibre. This myelination sets in at different periods in different tracts, and even in 
different fibre areas of related tracts. The naked axis cylinders might, therefore, be 
looked upon as incompletely developed nerve fibres. Friedreich’s ataxia has been 
traced to such a deficient development, and Scurrr sees in the fact that in Friedreich’s 
ataxia the glia development approximates in intensity to that found in disseminated 
sclerosis a possible analogy. He thinks that disseminated sclerosis may be due to a 
deficient or arrested development of the myelin sheath in the affected areas. KAHLER 
and Pick have ascribed system diseases to such an arrest of development. ScHMAUS 
thinks this view worthy of consideration; but Borst, while acknowledging that 
certain parts remain at an early stage of development, thinks that such an explana- 
tion is possible only for system diseases, and that it is improbable that multiple 
scattered arrests of development can occur. Most writers have agreed with this 
attitude, and supporters of the developmental nature of the process relate it rather 
to disseminated defects in the glia framework of the central nervous system. 


B. Multiple Defects in the Ghia Framework of the Central Nervous System. 


StrRiMPELL (1896) was one of the earliest advocates of this view. He speaks of 
a “multiple gliosis,” and draws comparisons with multiple fibromata, lipomata, 
neuromata, etc. He looks upon the etiological factors of an exogenous nature only 
as exciting causes, and he thinks it very unlikely that we should find a primary 
affection of the smallest vessels in the central nervous system and not in the other 
organs of the body. Srriimpert further recognises it to be necessary, in other 
cord affections, e.g. hydromyelia and syringomyelia, in which we have marked 
glia proliferation, to have recourse to congenital anomalies of development. In 
disseminated sclerosis he thinks that the proliferation of the glia gives the im- 
pression of a primary process, and that it cannot be traced to a previous degenera- 
tion of the nerve elements. 

Scumavs holds that both the view of a congenital hypoplasia or agenesia of the 
myelin sheath and that of the possibility of inserted islets of glia with a special 
capacity for proliferation are worthy of consideration, at least so long as no other 
proof is brought forward, He thinks that the most important objection to the 
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developmental theory is that from this kind of pathogenesis numerous forms of 
disseminated sclerosis must be excluded. He, therefore, distinguishes between 
primary disseminated sclerosis, due to developmental defect in some form, and 
secondary disseminated sclerosis, the consequence of an acute disseminated myelitis. 
This secondary form of disseminated sclerosis is only one of a group of allied diseases, 
which includes advanced vessel disease and disseminated syphilitic disease of the 
vessels, and all of which may lead to the formation of scattered sclerotic areas in the 
central nervous system. Scumaus further thinks that diffuse forms of disseminated 
sclerosis, or “ diffuse multilocular sclerosis,” in which the areas have not the defined 
outline nor the characteristic preservation of the axis cylinders, found in true dis- 
seminated sclerosis, must be regarded as “ chronic myelitis.” 

ZIEGLER, in the last edition of his text-book, also differentiated primary and 
secondary disseminated sclerosis. Primary disseminated sclerosis may be due to the 
incomplete development of the myelin at certain parts, or to glia abnormality in the 
sense of an abnormal quantitative distribution of the glia, or deficient idioplastic 
differentiation of the glia. The areas typical of primary disseminated sclerosis 
contain dense sclerotic tissue, with persisting axis cylinders in the narrow meshes. 
Secondary disseminated sclerosis is thought to be due to multiple ischzemic areas, 
with secondary proliferation of the glia. The areas typical of this form are areolar, 
and contain few axis cylinders in the widened meshes. 

Batrnt (1900), Barrets (1903), Propst (1898), Horrmann (1902), and others 
likewise speak of an abnormal or inherent disposition of the glia, an early 
“invalidity” of the central nervous system, or an abnormal congenital “ Veran- 
lagung” of the ghia. 

Miter (1904), in an important monograph, “ Die multiple Sklerose des Gehirns 
und Riickenmarks,” has made a careful survey of the whole subject of disseminated 
sclerosis, especially in relation to its clinical course, differential diagnosis and patho- 
genesis. He strongly support’s SrrRuMPELL’s view of the developmental nature of 
the disease, and emphasises the distinction between primary and secondary dis- 
seminated sclerosis. The views set forth in this monograph are more fully examined 
in a later section (p. 638). Ina later paper (1906) M@LuEr urges the early diagnostic 
importance of the ocular disturbances: affection of the optic disc, especially in 
relation to the acuteness of vision and the field of vision, nystagmus, and paralysis 
of the ocular muscles. He looks upon these as more valuable signs than the so- 
called classical symptoms of the disease. The formes frustes are regarded as pre- 
senting a typical syndrome which permits of their ready recognition. In a further 
paper (1910) he relates the disturbances of sensibility, which are almost always 
present, at least to a slight degree, to affections of the cranial and spinal nerve roots 


in the glia-containing parts of their course. 
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(3) Morr Recent RESEARCHES, 1903-1913. 


BretscHowsky (1903) has investigated five cases of disseminated sclerosis by 
means of a silver-impregnation method for axis cylinders (see p. 555). He found 
in sclerotic areas axis cylinders preserved in such large numbers that the areas 
could scarcely be distinguished, in consequence of the numbers of axis cylinders 
running in normal order and with normal calibre. The presence of thickened vessels 
in the sclerotic areas alone served to indicate the patch. In other areas the axis 
cylinders were sinuous and swollen or split up into a bundle of parallel-arranged 
fibrils, or, again, broken up into a series of pearl-like swellings. Bre~scHowsky 
discusses the question of the axis cylinders present being regenerated or persistent 
axons, and comes to the conclusion that they must be chiefly persistent. He bases 
his view chiefly on the facts that the topographical arrangement of the fibres is 
maintained, and that in longitudinal section myelin fibres could be traced directly 
into the sclerotic tissue, there to lose their myelin sheath and again to become 
connected with myelinated fibres at the limit of the area. BrELScHOWSKyY states 
that there was a far-reaching correlation between the clinical histories and the 
impregnation pictures, and claims that, by his method, the relationship between 
symptoms and anatomical findings is made more evident than by any other method. 
He thinks that the finest axis cylinders disappear first, the coarser ones being pre- 
served longer, but admits that the coarser axis cylinders may be swollen fine ones. 
The possibility of a slight regeneration of nerve fibres is admitted, fork-like divisions 
being probably regeneration appearances, and brush-like splitting up probably 
degeneration signs. | 

BrIeLscHowsky regards the nature of the process as essentially an inflammatory 
one, attacking both the parenchymatous and interstitial tissues, but affecting the 
nerve fibre more uniformly than the glia. He looks upon the vessel changes as 
secondary to the resorptive processes, and thinks that the circulating “noxa” passes 
through the vessel wall, leaving it intact. 

BarTELs (1904) has examined four cases of disseminated sclerosis, and supports 
BretscHowsky’s view of the persistence of the axis cylinders in opposition to 
SrRAHUBER’S view of the regeneration. By means of Kaplan’s, Straihuber’s, and 
Bielschowsky’s staining methods, he has demonstrated the direct transition of the 
fibres within and without the foci. He considers that the fibres stained with aniline 
blue are those in which the myelo-axostroma (axo-chromatenin) survives the 
destruction of the myelin sheath. 

SrrRAHUBER (1903) thinks that the disposition to disseminated sclerosis might be 
occasioned by inborn defects as well as by minimal tissue injuries that have arisen 
in the place of earlier injuries or local anzemias. Such parts are “loci minoris 
resistentiz ” for bacteria or toxins reaching them from the blood. On the other 
hand, bacteria or toxins in the blood, in consequence, for example, of infectious 
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diseases, find favourable conditions for development in such parts with local tissue 
degenerations. These may be the result of capillary bleedings arising from con- 
cussion and other causes, or local anzemias arising from chill or nervous action (fear), 
etc. STRAHUBER regards the process, on the whole, as an inflammatory one, affecting 
both the nerve fibre and the glia tissue simultaneously. 

STRAHUBER has found sclerotic areas in peripheral nerves, and looks upon these 
as an expression of the same process. Borst, however, thinks that the investiga- 
tions were not sufficiently exhaustive, and certainly insufficient to prove STRAHUBER’S 
contention that a primary proliferation of the glia is not the essential factor in dis- 
seminated sclerosis. MULLER interprets such areas in the peripheral nerves only in 
the sense of GoMBAULT’S peri-axial neuritis, and thinks that the cases in which they 
occurred were cases of true acute disseminated myelitis. 

By means of a new staining method for axis cylinders SrRAHUBER concluded that 
a regeneration of nerve fibres must take place in the areas of sclerosis. He bases his 
arguments upon the finding of very fine nerve fibres with very small medullated 
sheaths and also on the presence of fine naked axis cylinders. These fine nerve 
fibres, he thinks, are too numerous to be persisting fine axis cylinders, and cannot be 
compressed nerve fibres, nor terminal stages of a previous swelling, nor primary 
atrophied nerve fibres. 

SHoveR (1903) notes that a limited number of the patches in the cord in 
disseminated sclerosis assume certain primary forms, and that the remaining patches 
can be shown to be due to the coalescence of these primary forms. The primary 
forms, of which he distinguishes five, are related to the following structural features 
of the cord:—{1) the posterior fissure; (2) the anterior fissure; (3) the central 
canal; (4) the points of entry or exit of nerve roots; (5) a point in each lateral 
margin of the cord. Soyer thinks that the shapes of the patches suggest that the 
changes which form them start in these points to which they are thus related. The 
oval shape of the first form, the wedge shape of the second and fourth, the circular 
shape of the third and fifth, all suggest that the active agent enters along the fissures, 
along the nerve roots, or from the central canal. The distribution of the lesions can, 
therefore, be explained by the assumption that they are caused by a poisonous agent 
conveyed by the cerebro-spinal fluid, which finds entry along these roots. 

TREDGOLD (1904) has given an account of the microscopical examination of three 
cases of disseminated sclerosis, each of which was typical of a distinct clinical variety. 
These were, respectively, the spastic paraplegic, the transverse myelitic, and the 
cerebellar types. He notes that even in the absence of such symptoms as tremor 
and nystagmus a careful examination will. often reveal some peculiarity in the 
grouping of motor, sensory, or reflex signs which could only be brought about by 
disseminated sclerosis. The chief symptoms may, therefore, simulate other diseases, 
but there are present other signs, not characteristic of such diseases, which could be 
produced only by disseminated lesions. In each case sclerotic islets were found in 
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both brain and spinal cord, and in each the peri-ventricular and peri-aqueductal 
localisation was marked. 

The microscopic examination, which was very thorough, revealed areas of three 
types—hard, soft, and intermediate: frequently one area showed all three stages. 
The hard islets, most numerous in the cord, consisted of dense neuroglia fibrils with 


few glia cells and only an occasional axis cylinder: typical areas of softening were 
confined to the brain, and consisted of a loose reticulum, containing a semi-fluid 
material but no proliferated neuroglia, nor products of degeneration ; the inter- 
mediate islets contained nerve fibres in all stages of degeneration and the pro- 
ducts of degeneration, but no proliferated neuroglia fibrils. TrEepcoip thinks 
that the essential process is one of myelin degeneration independent of vascular 
disease, and that the initial changes are strongly suggestive of the presence of a 
circulating toxin. 

BRAMWELL (1904) has studied disseminated sclerosis with special reference to the 
frequency and etiology and prognosis of the disease, and has discussed its pathology. 
The author inclines to the view that the disease is due to some developmental or 
congenital defect of the neuroglial or nervous tissue (perhaps similar to or analogous 
to the gliomatosis in cases of syringomyelia), which renders it more liable to be 
affected by irritation than the glial or nervous tissue of the normal individual. He 
thinks that the diversity of conditions which were thought to be the cause in 
individual cases makes it difficult to suppose that the alleged cause was in reality 
the starting-point or sole cause. With regard to the nature of the hypothetical 
toxin carried to, and distributed through, the nervous tissues by the blood-vessels, 
he writes: “The recurrence from time to time of the symptoms after periods of 
improvement and remission is very suggestive of repeated intoxications. If dis- 
seminated sclerosis is due to a toxin, the toxin, whatever it is, is probably produced 
within the body. It seems much more difficult to suppose that fresh doses of the 
toxin are introduced again and again into the body from without during a long 
period of years.” BRAMWELL’s views as to the nature of this toxin are further 
referred to on p. 660. 

DInKLER (1904) gives a description of the clinical and microscopical appearances 
in a case of disseminated sclerosis in which there had been spastic paraplegia of a 
slightly progressive character for eighteen years, but with no nystagmus, intention 
tremor, scanning speech nor sensory disturbances. 

The distribution of the patches was peculiar in that the majority lay in the brain 
cortex. The myelin sheaths in these areas had undergone fatty degeneration, and 
the axis cylinders showed a distinct participation in the diseased process. Changes 
in the ganglion cells of the cortex accompanied the changes in the nerve fibres, not 
only in the actual areas but in the adjoining tissue. Nests of small cells, probably 
glious in origin, surrounded each ganglion cell, causing deformity and atrophy: their 
injurious action on the ganglion cell is compared by the author to that of osteolcasts. 
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The blood-vessels of the cortex and of the membranes and the membranes themselves 
were normal. 

A further peculiarity was the presence of numerous tumour-like swellings on the 
anterior and posterior roots close to the cord. Microscopically these showed degenera- 
tion of the myelin sheath, marked proliferation of the Schwann nuclei, and persistence 
of the axis cylinders. Later, the axis cylinder disappeared and the central part of 
the nucleated hyperplastic zone became hyaline and structureless. The spinal ganglia 
and peripheral nerves were not preserved. 

In correlating the clinical and anatomical appearances two points of importance 
stand out: (1) the considerable diffusion of the ganglion cell changes in the cortex 
and the apparently normal intellectual and psychical functions; (2) the appearance 
of posterior root changes without any sensory disturbances. 

SPILLER and Camp (1904) give an account of two cases, one of which was of the 
type of a multiple myelitis. They regard it as exceedingly difficult to determine. 
the relation of disseminated sclerosis to multiple myelitis. In the latter disease the 
areas of sclerosis are much less sharply defined, and in some cases the peri-vascular 
cellular infiltration is marked without any close relation to sclerotic areas. The 
authors emphasise the frequent implication of the visual tracts in disseminated 
sclerosis, the most frequent seat being the optic chiasma. The disturbance of vision 
may be slight compared with the anatomical alterations. | Ophthalmoscopic 
examination is of great importance, in every case presenting symptoms that can be 
attributed to disseminated sclerosis, and pallor or even atrophy of the discs may 
exist even when the vision is not complained of. 

Dercum and Gorpon (1905) describe the anatomical findings in a case of 
disseminated sclerosis and briefly discuss its pathogenesis. They think it is unlikely 
that the relation of the blood-vessel changes to the sclerosed areas is that of cause 
and effect. They conclude that the origin of the process may be in the glia, but 
that at present it is impossible to go further than to infer that neither nerve cells, 
nor axis cylinders, nor blood-vessels are primarily involved. 

Cen and Besta (1905), in the course of a series of experimental researches upon 
the pathogenicity of aspergillus spores, observed a dog, which presented symptoms 
closely resembling disseminated sclerosis. CrNI’s previous researches had led him 
to the conclusion that aspergillus infection is the essential cause of the pellagra, and 
that this condition is dependent upon the presence of the parasite in the spore form, 
in which it elaborates very virulent toxins. Animals inoculated intraperitoneally, 
frequently developed spastic paraplegia with tremors, and the spinal cords of such 
animals showed primary degeneration of the crossed pyramidal tracts and posterior 
columns. In this dog, the spastic paraplegia and tremors disappeared at the end of 
the second month, and the animal showed symptoms characteristic of both locomotor 
ataxia and disseminated sclerosis. The animal was killed three months after 
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especially in the cervical region, presented very numerous softened and gelatinous 
foci. These foci presented many of the characteristics of areas of “sclérose en 
plaques”: the myelin sheaths had disappeared; the axis cylinders were persistent, 
though swollen; the neuroglia was somewhat hyperplastic; there were numerous 
fat granule cells in the vessel sheaths, and the vessel walls were infiltrated with 
numerous small round cells. The vessel alterations were present also in the 
surrounding normal tissue, and there was a complete absence of secondary 
degeneration. 

The authors regard these areas as intermediate in position between disseminated 
myelitis and disseminated sclerosis, and also regard them as a proof of the vascular 
origin of the sclerotic process. They emphasise the fact that in those cases in which 
aspergillus infection produced a primary system degeneration, there was no trace of 
any vascular lesion, a circumstance which proves that alterations of myelin are 
unable of themselves to produce lesions of an inflammatory character. 

CatToLta (1905) gives an account of a case in which trembling of the lower limbs 
developed a few days after the onset of an attack of cholera. Later, the classical 
symptoms of disseminated sclerosis appeared, and the gait was ataxic-cerebellar and 
spastic. Histologically there were marked sclerotic areas at various levels in the 
cord: in the lumbar cord the sclerosis was limited to the pyramidal tracts. In the 
cerebellum the nucleus dentatus was affected on both sides, but its cells were 
preserved. One superior cerebellar peduncle was atrophied in its middle portion, 
but the middle and inferior peduncles stained normally. The vessels both of brain 
and cord and membranes were thickened and homogeneous both in the sclerotic 
areas and in the rest of the tissue. The author thinks that the cholera was an 
etiological factor and that the process was probably of vascular origin. He also 
notes that although the areas had such an anatomical restriction, the classical 
symptoms of disseminated sclerosis were nevertheless present. Of special interest 
is the pronounced sclerosis of the dentate nuclei, in view of the cerebellar ataxia. 

TayLor (1906) states, in evidence of the extraordinary interest which is being 
taken in disseminated sclerosis, that he has been able to discover eighty papers 
dealing with this disease in the literature of 1904 and 1905. He has personally 
examined several hundred specimens from eight cases. He was unable to find any 
trace of an inflammatory reaction in the areas of sclerosis. The blood-vessels in the 
various lesions showed no relation to the degenerated areas, nor did the blood-vessel 
walls show any alteration in the sclerotic areas as contrasted with normal areas. 
The symmetry, such as it was, appeared to the author to be entirely fortuitous, and 
both grey and white matter are involved. The peripheral nerves showed no 
degeneration, but numerous discrete patches were found in one dorsal nerve root 
with typical myelin degeneration and no other apparent change. “The conviction is 
strong that the lesions are localised sclerotic areas, characterised by the usual disin- 
tegration of myelin without either primary or compensatory neuroglial overgrowth.” 
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TayLor notes that various types of lesion may co-exist in the same case: sharply 
defined clean-cut areas in contrast to a more diffuse type, in which the area shades 
off into the normal. He follows Wituramson’s explanation of the sharp delimitation 
of the process in certain areas by suggesting the presence of a toxic agent, of 
unknown character, but with a special affinity for myelin, which spreads from a 
central focus until it exhausts itself. This causal agent reaches the tissue in all 
probability by the blood or lymph channel, but its manifestation may occur without 
evidence of local inflammation. 

Marsure (1906) in an important monograph, “Die sogenannte akute multiple 
Sklerose,” gives a report of three cases and a review of others recorded in literature 
of disseminated organic disease of the nervous system which, from their resemblance 
to disseminated sclerosis, both clinically and pathologically, have been described as 
acute or subacute multiple sclerosis. The disease occurs usually between the ages of 
twenty and thirty. The symptoms indicate that there are multiple lesions in the 
brain and spinal cord; the onset is gradual; there is no fever; and though the 
affection is progressive, there is a tendency to remission and fluctuation in the 
symptoms. In the majority of the cases recorded, death occurred within three 
months, in some cases earlier, in some later. 

The author considers that this so-called acute multiple sclerosis is a form of true 
multiple sclerosis which is characterised by a more rapid course of the disease. The 
symptoms indicate that it is a form of multiple sclerosis, especially the mode of 
onset, the advance of the disease in stages, the remissions and intermissions, and the 
indications of multiple lesions. 

The pathological changes are characterised by degeneration of the medullated 
sheath of the nerve fibres, while the axis cylinder is relatively intact. At the same 
time, or soon afterwards, there is proliferation of the neuroglia cells and of cells in 
the walls of the blood-vessels. The process is analogous to peri-axial neuritis. 

The pathological changes are inflammatory, and belong to the group of 
degenerative inflammatory changes. The nature of the degeneration of the 
medullated sheath of the nerve fibres indicates that it is due to a “ lecitholysis,” 
such as can be produced experimentally by “ferment” action. The pathological 
changes may, therefore, be regarded as the result of a toxin, and their final stage is 
the complete replacement of the degenerated neryous tissues by a finely fibrillated 
neuroglia tissue, which contains only few nuclei. 

The aftection’is regarded by MarpurG as a form of degenerative myelitis, and he 
suggests for it the name of “‘ encephalo-myelitis periaxialis scleroticans.” 

WEGELIN (1906) records a case which shows the great difficulty of drawing the 
distinction, emphasised by Mitumr, between the acute cases, following disseminated 
encephalo-myelitis, and the true “‘sclérose en plaques.” The disease in this patient 
ran a very rapid course, and at the autopsy typical areas of sclerosis were found 
disseminated through the brain and spinal cord, and in the upper three dorsal 
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seoments there was a total transverse sclerosis. The vessels in most of the areas 
showed few changes, thus differing from the usual findings in cases of acute multiple 
sclerosis, and the extension of the areas in no way corresponded to the vessel- 
distribution. Ganglion cells and axis cylinders in the areas were not essentially 
changed ; there was intense glia proliferation, and an absence of any considerable 
secondary degeneration. 

In the clinical history there was nothing to indicate infectious disease, and during 
the course of the illness there was no rise of temperature till the onset of the 
broncho-pneumonia from which the patient died. The author claims that this case 
could not be regarded as a myelitis, and looks upon it as proving the existence of 
true acute disseminated sclerosis. He considers that MULLER’s grouping of all such 
cases as “secondary disseminated sclerosis” is arbitrary, as no distinction can be 
drawn between the acute and chronic cases. 

STADELMANN and Lewanpowsky (1907) also describe a case, whose acute course 
(eight weeks) justifies the assumption of an acute multiple sclerosis or acute 
disseminated myelitis. Areas of sclerosis, composed almost entirely of neuroglhial 
tissue, were found very widely distributed through brain and spinal cord. In the 
areas there was a distinct vessel proliferation with imcrease of adventitial cell 
elements, but no sign of small-celled infiltration. The writers look upon their 
case as one of acute multiple sclerosis, “in virtue of the absence of any marked 
signs of actual inflammation.” 

Scuos (1907), in a careful histological analysis of the sclerotic areas in a typical 
case of disseminated sclerosis, lays special emphasis on the pathological changes 
found in the nerve roots. From these changes he claims that the process in the 
peripheral nervous system is analogous to that in the central nervous system—in 
both a myelin sheath degeneration, relative integrity of the true nervous elements, 
proliferation of the supporting tissue, and the essentially localised extension of the 
affected tissue. He states that the case belongs to the rare observations where 
“with certainty,” in addition to areas in the central nervous system, circumscribed 
and analogous areas are found in the non-glial containing tissue, and relates it to 
a combination of a neuro-fibromatosis in the nerves and a gliomatosis in the central 
nervous system. The glia proliferation, therefore, cannot have the significance 
of an essential and primary process, as is claimed by SrrRimpety and MULuer 
and others, who look upon disseminated sclerosis as an endogenous primary 
olia sclerosis. 

The changes described are a connective-tissue proliferation which has arisen 
almost exclusively from the Schwann sheath or the finest endoneural septa, while 
the larger endoneural septa and the perineurium take no share in the proliferative 
process. In some cases the process is so advanced as to form fibroma-like tumours, 
in which the Schwann sheath has formed several concentric lamelle, the central 
zone of which has become hyaline. In the midst of this lamellated tissue it is 
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possible to recognise a few axis cylinders. ScHogp has recognised the importance 
of examining the nerve roots in their longitudinal course. Several roots showed 
disease in their whole length: the emergent root zone showing a glious sclerosis, 
and the immediately adjoining tissue a connective-tissue sclerosis. On the other 
hand, in a few roots it was recognised that the affection was strictly limited to 
circumscribed areas; into which one could follow non-degenerated myelinated fibres, 
distal to the glious root emergent zone. Only one peripheral nerve, the right 
erural, was preserved, and in this similar degeneration was found. In criticising 
such findings it is necessary to state, firstly, that as the spinal ganglia were not pre- 
served the portion of nerve roots attached was short, and secondly, that the only 
justification for asserting the non-glial content of the tissue seems to have been 
that these changes affected root sections where the nerve fibres are normally sur- 
rounded by Schwann sheath. It must be remembered that the glious zone reaches 
for a very varying distance into both cranial and spinal nerve roots, and that one 
ean frequently recognise glia islets appearing in a part far into the connective- 
tissue portion of the root. It is difficult, therefore, to exclude the possibility of the 
glia-containing root emergent zone being primarily affected and the possibility of 
secondary degeneration. 

VouscH (1908) describes very minutely the changes in a case of “acute multiple 
sclerosis.” His choice of this designation instead of acute disseminated myelitis 
indicates, in his opinion, both the assumption of the influence of an exogenous factor, 
and also the supposition that the process depends on a primary proliferative process 
in the glia—this process depending only in part on the direct action of the 
exogenous factor. The illness set in with a gradually increasing weakness of the 
legs, which was followed by paralysis of the abdominal muscles, flaccid paralysis 
of the legs, and severe decubitus: the patient died four months after the onset 
of the illness. The characters of the sclerotic areas, which were very numerous 
in both brain and spinal cord, are very similar to those previously described as 
typical of disseminated sclerosis. In the centre of most areas was a compact glia 
proliferation, surrounded by a looser glia structure, which gave an areolar appear- 
ance to the periphery. In addition to these areas, the author describes diffuse 
alterations in the cord, which consist of a lighter staining of the myelin, 
together with a marked hyperplasia of the septal glia. The vessels in these 
latter areas were almost normal. This diffuse septal glia hyperplasia often ex- 
tended over the whole transverse section, and in Marchi-stained sections the 
nerve fibres showed deeply stained granules of degeneration surrounding the 
axis cylinder. 

Voxscx looks upon the typical areas as the essential substratum of the disease : 
they were mostly at a uniform stage of development, already far advanced, and 
undoubtedly owed their origin to an unknown exogenous “noxa.” On the other 
hand, he thinks that the areas of a more diffuse gliosis are related more probably 
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to a much more chronic process in which an endogenous factor—an increased 
tendency to glia hyperplasia—has played a part. In the brain there were no areas 
corresponding to this diffuse gliosis. 

In a later paper (1910) VotscH returns to the question of the differential 
diagnosis between disseminated sclerosis and disseminated encephalo-myelitis. He 
states that both in acute and chronic multiple sclerosis he has found peri-vascular 
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areas brought about directly by an exogenous “noxa,” but that he cannot regard 
the glia hyperplasia as solely secondary and reparatory. On account both of its 
rapid onset and its profuseness, he assumes that the exogenous “noxa” causes 
nerve fibre degeneration, and at the same time stimulates the glia to proliferate. 
In this proliferation such an endogenous factor as a congenital predisposition of the 
elia to hyperplasia might play a rdle. 

OPPENHEIM (GuSTAV) (1908) investigated histologically four cases of disseminated 
sclerosis. Successive sections of various parts of the brain and cord were stained 
by the various elective staining methods in order to obtain as complete and 
simultaneous a picture as possible of the changes in the component tissue elements. 
He was able to confirm the usual findings as to myelin sheath degeneration, relative 
integrity of the axis cylinders, and the frequent presence of fat granule cells in the 
sclerosis area. In three of the four cases examined there was marked plasma-cell 
infiltration of the walls both of arteries and veins. The presence of the plasma 
cells, the author regards as an expression of a more or less chronic inflammatory 
process. With the Weigert glia stain areas of a dense sclerosis were noted, together 
with those of a looser structure, the latter containing many large spider cells. A 
special study was made of the cortical areas, and those involving both cortex and 
subjacent white matter. While the subcortical portion of these patches presented 
a more or less dense feltwork of neuroglial fiibres, in the cortex itself this fibre 
increase ceased, except in the Randzone, and in the ganglion-cell layers only single 
spider cells were found. It was almost impossible to distinguish the cortical areas in 
the preparations stained by Nissl’s and Bielschowsky’s methods, on account of the 
persistence of the uervous elements: the glia fibril picture also was negative in 
the cortical area and positive in the subcortical white matter. The statements of 
those observers who worked with nuclear stains alone,—before the introduction of 
Weigert’s medullated sheath stain,—to the effect that the subcortical patches did 
not extend into the cortex, is thus explained. OpreENHEIM has found in these 
cortical areas, in addition to the absence of the myelin sheaths, a diffuse, ex- 
cessively delicate, protoplasmic reticulum. In spite of the similarity of this net- 
work to Held’s diffuse protoplasmic glia reticulum, he doubts whether it can be 
looked upon as exclusively of glious structure. 

Brntent (1908) describes a case in which there was complete absence of any of 
the classical symptoms of disseminated sclerosis, except intention tremor. Sclerotic 
areas were found only in the spinal cord, and there was a marked alteration of the 
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ganglion cells in the lumbar segments—an alteration en rapport with the muscular 
atrophy presented by the patient. 

SCHLESINGER (1909) relates the case of a boy in whom the diagnosis of a typical 
multiple sclerosis, with subacute course, was made. The patient developed eye 
symptoms two weeks after an attack of measles and died ten months after the onset 
of the disease. Microscopical examination revealed the presence of a very large 
number of larger and smaller sclerosed areas in the brain and spinal cord. 

The author was able to distinguish three types of areas: (1) in a few the nerve 
substance had in great part perished and only a few naked axis cylinders were left. 
The glia was markedly proliferated, and in the areas, especially in the walls of the 
vessels, were numerous fat granule cells. (2) Areas of an older date, typical of the 
classical picture of disseminated sclerosis, with absence of myelin sheath, marked 
glia proliferation, and persistence of axis cylinders, but no fat granule cells. (3) 
Areas described as Markschattenherde, in which the fibre layers are distinctly 
evident but weakly stained. The fibres have not only a lesser staining capacity, 
but are frequently abnormal in appearance, being either swollen or atrophied. 
These areas are also circumscribed, and on each side the fibre layers resume their 
normal staining and character. These areas were found distributed through the 
whole central nervous system, but especially in pons and medulla, where they occupy 
a large part of the transverse section. They were looked upon as transition stages 
to the development of patches of true disseminated sclerosis. The presence of areas 
of the second and third types justified the anatomical diagnosis of subacute multiple 
sclerosis, but the author regarded the areas of the first type as transitional to 
disseminated encephalo-myelitis. 

SCHLESINGER also notes the finding of nephrolithiasis at the autopsy, and states 
that he has found this chiefly in relation to traumatic diseases of the spinal cord, 
and also in three cases of syringomyelia, and in three cases of encephalo-myelitis. 

Marinesco and Mrnna (1909) have examined specially the changes in the axis 
cylinders in the sclerosed areas. They look upon the persistence of the axis cylinders 
neither as pathognomonic of, nor essential to, the picture of disseminated sclerosis. 
The persistence does not last indefinitely, and, therefore, there must be some 
secondary degeneration, but this affects not a tract nor even a bundle of fibres, but 
only a few groups of fibres. They regard regeneration as a necessary complement 
of degeneration, and by means of Cajal’s and Bielschowsky’s methods, they have 
found distinct evidence of terminal and collateral regeneration. The former is 
observed at the extremity of rather thick axons, but it is the collateral form which 
is more manifest in disseminated sclerosis. The thinness and the number of these 
new axis cylinders distinguish them from pre-existing collaterals of the axon. 

Liyonns and Luermirre (1909) have examined clinically and anatomically 
three cases of disseminated sclerosis and give the histological analysis of one case. 
A young woman, twenty years of age, with the characteristic symptoms of dissemi- 
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nated sclerosis of five years’ duration, died in hospital from typhoid fever. Plaques 
of sclerosis in every stage of development were found, from small inflammatory foci 
to old areas of neuroglial sclerosis. 

In the cord the patches were quite typical: in some the vessels were apparently 
normal, in others they were surrounded by a proliferation of embryonic cells invading 
the lymphatic sheath and the vessel wall itself. In the brain, however, the picture 
was very variable, but in the centre of each plaque a blood-vessel was found, with 
embryonic cells and fat granule cells in its walls, or showing hyaline degeneration. 
In the areas, old and new, there was proliferation of the neuroglia with preserva- 
tion of the axis cylinders. The axis cylinders were more or less hypertrophic or 
atrophic, but no secondary degeneration was found anywhere. 

The recent areas showed typical inflammatory appearances, and all transitions 
could be traced to the old patches. The vessel changes are the more pronounced 
the younger the areas, and the authors consider it highly probable that the plaques 
owe their origin to an irritative agent brought by means of the blood-vessels. 
Nowhere was there any evidence of thrombosis or narrowing of the lumen. They 
exclude the possibility of a terminal infection, pointing out that the characteristic 
features of the latter are not present. They believe that there is no essential and 
fundamental difference between disseminated sclerosis and disseminated myelitis: it 
is a difference in degree rather than in kind. 

LHERMITTE and Guccione (1909), in the histological investigation of three 
typical cases of disseminated sclerosis, found identical lesions affecting the blood- 
vessels, the neuroglia, and the axis cylinders. In the wall of the blood-vessels in 
recent areas there was a marked infiltration of lymphocytes and plasma cells, and 
in older plaques the vessel wall was thickened and hyaline. In their opinion, the 
plasma cells in the vessel walls of the early areas develop into connective-tissue cells 
and give rise to the fibrous thickening of the older areas. The neuroglia was 
studied by means of their new staining methods for glia cells and fibrils (p. 556). 
The axis cylinders persisted in very diminished numbers, and there were marked 
alterations in those persisting. 

In a later paper (1910) the authors review the psychic symptoms occurring in 
disseminated sclerosis, and relate them to anatomical alterations in the cortex. 

In a further paper (1910) the authors describe specially the peri-ventricular 
changes found in two cases. In addition to numerous plaques in spinal cord and 
brain, there was marked neuroglia sclerosis of the peri-ventricular white substance. 
The ventricles were not dilated and the walls were of their normal smoothness. The 
sclerosed tissue was dense and poor in nuclei: the fibrils followed the lines of the 
nerve fibres, surrounding them completely. As a result, the latter were tortuous, 
rarefied, and moniliform; some were reduced to irregular spiral threads. The 
ependymal epithelium was normal, and dilated tortuous vessels, surrounded by small 
round-cell and plasma-cell infiltration, ramified through the glial tissue. A circular 
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band of sclerosis was also found to surround the aqueduct of Sylvius, but here the 
ependymal epithelium was greatly modified. The writers refer to the possible 
pathogenic significance of these peri-ventricular lesions, and think it probable that 
the toxi-infectious agent, whose nature is not suggested, may diffuse through two 
channels: the one the more constant, represented by the blood-vessels ; the other, of 
lesser importance, the cerebro-spinal fluid. 

Mere and Pastine (1910) also refer to a case in which the ependymal and 
peri-ependymal change was the dominant pathological feature. They agree with 
LHERMITTE and GUCCIONE in regarding the existence of lesions in such a special 
localisation as probably of great pathognomonic significance. References are given 
to other cases, which show that irritation of the ventricular walls must be considered 
a not uncommon feature of the disease. 

WEISENBERG and IncHAM (1910). The most interesting points of the case 
reported by these authors are: (1) the atrophy of the brain—rare in disseminated 
sclerosis—and the undoubted hypoplasia of certain parts, which is here doubtless 
congenital; (2) the primary degeneration of the pyramidal tracts, which is in no way 
related to the sclerosis ; (3) the presence of developmental anomalies. 

SPIELMEYER (1910) has specially studied the relation between disseminated 
sclerosis and progressive paralysis. He distinguishes clearly between the diffuse 
cortical medullated fibre atrophy in general paralysis and the irregularly distributed 
patches which bear a striking resemblance to the cortical areas in disseminated 
sclerosis. He thinks that many cases of disseminated sclerosis in the intensity of 
their psychic disturbances bear a great similarity to the clinical picture of progressive 
paralysis. In general, in the latter disease there are no sclerotic patches found in the 
cord, but Firsrner has found, in addition to the system degeneration in the posterior 
and lateral columns a more diffuse and patchy sclerosis in the cord, areas in which 
there was dense glia proliferation, and in the cord of the case which forms the 
subject of this article, SpretMuyeR also found, in the lumbar cord, definite patches 
with all the characters of the areas in disseminated sclerosis. In sixty other cases 
of general paralysis he has failed to find sclerotic areas in the cord, but thinks a 
definite relation exists between the cortical areas in the two affections. 

In a case which clinically was general paralysis, there were found two varieties of 
medullated fibre atrophy: (1) the usual more diffuse fibre degeneration, and (2) a 
local accentuated form in which spots and striz had led to a limited demyelination 
of the cortex and to changes which were designated as cortical Markfrasse. 
These spots and striee were found most frequently in the radiations of the medullary 
ray, were sometimes limited to the region of the deep cortex, were sometimes in the 
intra-medullary cortex, and sometimes led to complete obliteration of the fibres in 
the cortex. The areas appeared sometimes only isolated in individual convolutions, 
and in other parts, especially in the anterior two-thirds of the hemispheres, were so 
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stained by the Bielschowsky method it was possible to recognise where the nerve 
fibre lost its medullated sheath and continued non-myelinated through the area, and 
in preparations stained for glia and for cells, the areas were not distinctly marked 
out from the surrounding tissue. Only occasionally was the impression gained that 
the large and small spider cells were more abundant in the patches. The changes in 
the blood-vessels also were not more marked than in the surrounding’ tissue, and it 
was found impossible to trace any special relationship between blood-vessels and the 
areas. From his histological analysis SpreELMEyER decided that the changes in the 
medullated sheath degeneration and the changes in the glia and blood-vessels in the 
cortex were in no sense proportionate, and in this negative finding he saw an agree- 
ment with what occurs in the cortical areas in disseminated sclerosis in which all 
anatomical changes in axis cylinders, cells, and glia fibres are absent. 

In the form, however, of the cortical areas, there appeared in general a distinction 
between the areas in general paralysis and those in disseminated sclerosis. In the 
latter disease the areas are usually more extensive, more defined, and _ spread 
frequently from the medullary ray into the cortex. In general paralysis, on the 
other hand, the areas are smaller, indistinctly outlined and often ragged, and rarely 
spread from white matter to cortex. 

SPIELMEYER has also microscopically investigated a case of Nonne’s, in which 
during the last nine months of life there were very marked psychic anomalies. He 
found numerous sclerotic plaques in the larger ganglia and in the cortex, and traced 
a complete agreement between clinical data and anatomical findings. 

SIEMERLING and RaEcKE (1911) put forward the suggestive view that underlying 
disseminated sclerosis there is an inflammatory process, which in its extent keeps to 
the distribution of the blood-vessels and leads first to the presence of capillary 
hemorrhages. In all the plaques examined the evidence of the importance of 
capillary hemorrhages as the first sign of the area was very striking, then followed 
fibre degeneration, with a subsequent glia proliferation. Such areas, with small 
hzemorrhages, often lay very close together, both in brain and spinal cord, and by 
their confluence large irregular plaques were formed. The authors investigated seven 
cases of disseminated sclerosis, and, to ascertain the number and distribution of the 
areas, made sections through the whole cerebral hemispheres in frontal and sagittal 
direction. Such large brain sections revealed how varied was the distribution of the 
sclerotic plaques: in three of the cases only the white matter of the brain was 
affected, and in two cases, in which psychic affections were marked, the plaques were 
prevailingly in the cortex. In the cortical areas the wedge-form, with base on the 
surface of the convolution, was most frequent, and over these areas the pia was 
thickened and infiltrated with round cells. In all the cortical areas the tangential 
and supraradial fibres were involved, and in almost all a blood-vessel or blood 
pigment was the central point of the area. 

Fratav and KornicHen (1902-1911) describe a case of disseminated sclerosis 
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which had clinically strongly simulated subacute transverse myelitis in the lumbo- 
sacral region of the cord, without any cerebral symptoms. Death occurred three 
and a half months after the onset of the disease. There were no macroscopical 
alterations in the brain or spinal cord. Numerous sclerotic areas were found 
throughout the whole length of the cord. These were divided into two groups: 
(1) those in an early stage of myelin sheath degeneration, without participation of 
the blood-vessels or glial tissue; and (2) further advanced areas with accumulation 
of fat granule cells in the vessel walls and glial proliferation. The whole of the 
lumbo-sacral cord was in a condition of advanced degeneration. In all the areas the 
participation of the vessels in the sclerotic process was quite evident, and the 
authors regard the vessel alterations as the key to the whole process. Disseminated 
sclerosis is looked upon as essentially a disseminated inflammatory process, v.e. a 
disseminated myelitis, with, however, certain special characteristics. The in- 
flammatory changes are assumed to be not so intense as in myelitis, and, therefore, 
there are no “ softenings” in the usual sense of the term. 

In their later paper Fuarav and KoELIcHEN again discuss the relation of dis- 
seminated encephalo-myelitis to disseminated sclerosis. They think that the 
infectious or exotoxic origin can be admitted for those cases of disseminated sclerosis 
running an acute course, but that the pathogenesis of most of the cases with a 
chronic course must be different, and is probably related to an autogenous toxin. 
Whether the supposed toxin forms in the body, and whether disturbed metabolism 
or an altered internal secretion plays a part is not stated. As in their earlier paper, 
the authors see in disseminated sclerosis a chronic irritative process of the whole 
central nervous system—a process which has acute exacerbations, and which, in the 
majority of cases, is dependent on autogenous intoxication. 

Nonne (1911) has made a careful clinical and serological investigation into the 
phenomenon of inhibition of cobra poison hemolysis. He has investigated all 
possible cases of organic disease of the central nervous system, and has also made 
very numerous control tests. He feels justified in stating, yet with a certain amount 
of reserve, that the cobra reaction is specially frequent in degeneration-neuroses and 
psychoses, and in hereditary diseases in the neuro-psychopathic sense. In the 
katatonic group also, and in the group of maniac-depressive psychoses, and in 
the chief representatives of endogenous psychoses, the reaction is likewise very 
frequent. Amongst organic diseases of the central nervous system, the reaction 
appears most frequently in disseminated sclerosis. In healthy individuals the 
authors found the reaction in 5 per cent., in people with diseases other than of the 
nervous system in 15 per cent., in psychoses in 65 per cent., and in disseminated 
sclerosis in 65 per cent. As the reaction appears even in the early stages of dis- 
seminated sclerosis, NoNNE is tempted to value it as a differential diagnostic sign, 
especially as the Wassermann reaction, the globulin reaction, and the cytological 
examination of the cerebro-spinal fluid in disseminated sclerosis give no indication of 
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the disease. He thinks that as these very psychoses which are claimed as types of 
endogenous etiology are marked by the presence of cobra reaction, the fact of its 
presence in disseminated sclerosis appears to support the view of the endogenous 
nature of this disease, especially as it is very seldom observed in acquired disease of 
the nervous system, with the exception of general paralysis. 

Ropertson (1912) records a case of disseminated sclerosis which is of special 
interest on account of the presence of hydromyelia, interstitial neuritis in several 
peripheral nerves, and changes in the posterior root ganglia, which suggested a 
chronic inflammatory condition. The absence of some of the characteristic features 
of disseminated sclerosis, e.g. nystagmus, scanning speech, intention tremor, etc., is 
explained by the author by the fact that the sclerosis had confined itself chiefly to 
the cord, the medulla and pons being only slightly affected, and the cerebrum and 
cerebellum scarcely at all. The presence of a hydromyelia is interesting in view of 
the theory that disseminated sclerosis is a multiple gliosis, but the author thinks 
that the cavity formation might as truly occur in glial tissue, formed as a result of 
chronic irritation, as in that resulting from congenital abnormality, and that the 
well-marked interstitial peripheral neuritis lends support to the view of the chronic 
toxeemic nature of the disease. The appearances of the posterior root ganglia would 
also accord with this view. There were no degenerative changes in the walls of the 
blood-vessels, but there was evidence of a cellular reaction in their adventitia. 

WoHLWILL (1913) has given a short review of the recent literature on disseminated 
sclerosis. The pathological anatomy, pathogenesis, and etiology are carefully 
discussed, and various etiological factors are submitted to a close examination. The 
conclusion is reached that histological investigation has advanced in the direction of 
harmonising our ideas as to the exogenous nature and vascular origin of the disease, 
but that we are still far from determining its real nature. 


1G UES 
METHODS. 


In order to obtain as comprehensive a view as possible of the distribution of the 
lesions and of their structure, a very large number of sections, both large and small, 
have been examined from the brain and spinal cord of each case. The brain was 
fixed in Pick’s solution, and, after the tissue had acquired a certain consistency, was 
cut into pieces suitable for the respective methods. ‘The spinal cord, after small 
pieces at various levels had been removed for Cajal’s silver method for axis cylinders, 
was also placed in Pick’s solution. 

The cerebral hemispheres were removed from the pons and cerebellum by a section 
at the upper margin of the pons at right angles to the transverse fibres of the pons. 
They were then separated from one another by a vertical sagittal section. Hach 
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hemisphere was then cut across horizontally by Pierre Marie’s coup d’élection, a 
section which passes under and just touches the extremities, anterior and posterior, 
of the corpus callosum as it appears on the mesial aspect, and is carried horizontally 
outwards to the lateral aspect of the hemisphere. Successive cuts were made through 
the whole hemisphere above and below this section, and parallel to it. Each slab of 
brain tissue averaged one and a half centimetres, and from each hemisphere alternate 
slabs were mordanted in Miiller’s fluid for use with the Weigert and Marchi methods 
for fibre-tract degeneration. Two of these mordanted slabs from each hemisphere at 
corresponding levels were embedded in celloidin en bloc, and from the others, portions, 
which showed sclerotic areas either recent or old, were taken through for the Weigert 
or Marchi method. From the remaining unmordanted slabs pieces of tissue were 
removed, either including isolated areas when these lay, e.g. in the central white 
matter, or, when the sclerotic area involved cortex or subcortical white matter, 
the tissue section included the adjoining convolution on one or both sides. Such 
pieces of tissue were embedded in paraffin, or celloidin, or the combined celloidin- 
paraffin method, or finally were cut as frozen sections. Adjoining sections were then 
stained by as many of the available methods as possible, so that by the aid of differ- 
ently stained sections, adjoining one another, a reconstruction of the complete 
histological picture was made possible. 

The cerebellum, pons, and medulla oblongata were cut through by means of 
sections parallel to the original cut, 7.e. at right angles to the transverse fibres of the 
pons, and the pieces of tissue were treated in a manner similar to that used for the 
hemispheres, with the exception that in one or two cases the whole of these portions 
was mordanted. 

The spinal cord was cut transversely at levels corresponding, as far as possible, 
to the different segments. From each segment, except in the instances to be 
mentioned later, a portion was embedded in celloidin for the Weigert myelin 
sheath stain, a portion from each alternate segment for the Marchi method, and a 
portion from numerous levels for paraffin embedding or frozen sections. A segment 
from each region of the cord—cervical, dorsal, and lumbar—was in nearly every case 
cut longitudinally either in celloidin or paraffin sections, and in several instances, 
when a sclerosed area was distinctly outlined on the cord surface through the pia, 
such portions of the tissue were removed, embedded in celloidin or paraffin, and cut 
serially either in transverse or longitudinal sections. Longitudinal sections were 
found of special value in demonstrating changes in the myelin sheath and axis 
cylinder. In numerous other instances sclerosed areas were traced throughout 
their whole extent by means of serial sections, and in one case the pons and medulla 
were cut serially and three sections in every ten stained respectively for myelin 
sheath, axis cylinder, and cells. The smaller celloidin blocks were cut at 16“ in 
thickness ; the larger, of the whole hemisphere, varied in thickness from 24 to 36u; 
the paraffin sections were cut at 6m. 
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Three groups of staining methods were used :— 

(1) Methods for fibre-tract degeneration. The Weigert myelin sheath stain and 
the Marchi method are of special value in giving a topographical distribution of the 
areas, but they permit of very limited histological observations. 

(2) The elective staining methods. These render possible the isolated repre- 
sentation of certain tissue constituents, but for this reason they do not give a 
complete histological picture. The methods for representing fibre-tract degeneration 
must also be regarded as elective staining methods. 

(3) The diffuse stains. These, on the other hand, eg. Van Gieson’s stain and 
hzematoxylin and eosin, do not sharply distinguish between the individual elements 
of the central nervous system, yet are of great value in giving an insight into the 
detailed structural changes, especially when controlled by elective staining methods. 

The Kulschitsky-Pal modification was found to be the best of the many modifica- 
tions of Weigert’s classical method of demonstrating the medullated sheath. This 
has been used by numerous recent workers as being that which allows sufficient 
differentiation of the medullary layers without decolorising the finest fibres of the 
cortex. WEIGERT used as a test of a satisfactory differentiation the supraradial net- 
work which lies between the tangential fibres and the pyramids of Ferrein: any stain- 
ing which did not show this clearly he regarded as unsuitable. In the preparations 
through the whole hemisphere it was found impossible to differentiate the medullary 
layer sufficiently without decolorising this supraradial network, and an endeavour 
was made to have two sets of preparations in different stages of differentiation. 

As a substitute for the Weigert method, with unmordanted celloidin sections 
and frozen sections, Heidenhain’s iron-hematoxylin stain was used. This stain 
brings out the finest fibres in the grey matter of the cord, and in the cerebral 
cortex the fine fibre network is stained. Frozen sections thus stained are extremely 
brittle, but sufficient may be left of the section for comparative examination. 

The Marchi method used was Orr’s modification, in which the penetration of the 
osmic acid is assisted by a small proportion of acetic acid. It was found, however, that 
instead of bringing the thin pieces of tissue direct from Miiller’s fluid into the Marchi 
fluid, it was preferable to begin with a proportion of 3 : 1 of Miiller’s fluid and Marchi 
fluid, and, later, increasing the proportion of Marchi fluid to finish with Marchi fluid 
of full strength. The results in tissues thus treated were invariably constant. 
The Marchi-stained sections were frequently counter-stained with safranin. 

For the staining of the axis cylinders two specific staining methods were 
employed. Cajal’s silver impregnation method (for myelinated axis cylinders) was 


used when the tissue could be fixed directly in 96 per cent. absolute alcohol: when 


the tissue, however, had been already placed in formalin or in Miiller’s fluid, the 
Bielschowsky method, or, in the latter case, the Bielschowsky-Williamson method, 
was used. These staining methods depend on the reducing action of formaldehyde, 
which acts on an ammoniated silver solution and deposits metallic silver. It stains 
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not only axis cylinders deprived of their myelin sheath but also those “naked” axis 
cylinders which no longer contain myelo-axostroma (a cement substance enclosing 
and holding together the neurofibrils which, as its name indicates, histogenetically 
and chemically resembles the myelin of the medullated sheath). The extreme 
uncertainty of the Bielschowsky method and its various modifications has been 
frequently emphasised. It is undoubtedly “a method full of surprises and dis- 
appointments even for the experienced technician.” In numerous instances the glia 
fibrils are also stained, and as these run longitudinally in the same direction as the 
axis cylinders the result is confusing; at other times the medullated sheath is 
stained—a point very forcibly brought out in comparing frozen sections stained with 
iron-hematoxylin. The method, however, often gives very serviceable, and even 
beautiful, results, and is applicable to both celloidin and frozen sections, but one 
must accept a negative picture with very great reserve. Two non-essential 
modifications were adopted, both of which seemed to make the result less capricious. 
The one, recommended by ScHtEMMeER, has for its object the obtaining of an 
ammoniated silver solution, of uniform strength, which will not become cloudy or 
discoloured when exposed to light; the other is an addition of a slight trace of 
acetic acid to the alcohol in which the sections are immersed before being brought 
into the ammoniated silver solution. 

A third specific staining method for axis cylinders was also tried: Strihuber’s 
aniline blue method, differentiating the sections with saturated sodium hypochlorite 
solution. The aniline blue, however, while bringing out axis cylinders very 
beautifully in normal tissues, distinguishes them very insufficiently from the glia 
fibrils in sclerosed tissue. Strihuber’s method stains only those axis cylinders 
which still retain the myelo-axostroma, or as STRAHUBER named it, the chromatenin 
or axo-chromatenin—terms which seemed to him to indicate that the material to 
which it refers is only one of the constituents of the peri-fibrillar substance. 
Fibres which have lost their myelin sheath are, therefore, merely non-myelinated 
axis cylinders, not necessarily naked axis cylinders. 

Before leaving axis-cylinder methods, it must be mentioned that there is no 
specific method analogous to that of Marcur to represent the degeneration of the 
axis cylinder. Losin and picro-fuchsin and several other stains frequently bring out 
the axis cylinders very clearly, but they are not elective stains, and BaRrTELs states 
that the homogeneous granular masses, which are recognisable in sclerosed areas by 
means of the diffuse stains, are not seen with silver impregnation. 

Elective glia-staining methods still leave much to be desired. VrrcHow noted 
the extreme susceptibility of the glia fibrils to post-mortem changes and the 
necessity of bringing material into the fixing fluid fresh. The Weigert gha method, 
to which we owe our present knowledge of the finer structure of the neurogha both 
in normal and pathological conditions, is very difficult to work, very capricious, and, 
in particular, frequently fails in staining the cerebral cortex, Its success, too, is 
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conditioned by the absolutely fresh state of the tissue, and it is also unsuitable for 
tissue obtained from experimental animals. The method was not available in this 
work, as the autopsies were made from twenty-four to forty-eight hours after death. 
By Mallory’s neuroglia method the glia fibrils are said to be brought out very 
prominently, but in our hands it stained the tissue with such an intensity that it was 
difficult to distinguish between glia fibrilis, axis cylinders, and connective-tissue fibres. 
Dense glia proliferation is certainly extremely perceptible by this staining method 
under a low magnification. 

Recent glia methods have had in view a simplification of the technique and more 
constant results than those yielded by either Weigert’s or Mallory’s methods. 
Perhaps the simplest of these are those devised by LHERMITTE and GuccionE (1910) 
for the study of neuroglia cells and fibrils respectively. These writers claim for 
their methods that they are available for either normal or pathological material fixed 
within a reasonable time after death, that they are absolutely constant and specific, 
and that the exact conditions for success in staining are easily secured. Further, on 
account of the very exact differentiation of the tissue elements the staining allows 
of the share taken both by the neuroglia and connective tissue in inflammation and 
in other processes being exactly defined, and also brings into evidence the relation 
of the neuroglia nucleus, protoplasm and fibrils to one another, thus solving the 
much disputed question of the mode of formation of the fibrils. One great advantage 
of both methods is that the preliminary fixative is formalin. Frozen sections are 
taken from distilled water into an osmio-chromo-acetic mixture; from this trans- 
ferred to Gram’s solution and then to the stain—1 per cent. Victoria blue solution 
for the staining of the fibrils, and phosphotungstic acid hematoxylin for the staining 
of the cell protoplasm. In normal longitudinal sections of the cord thus stained it 
was possible to follow the neuroglia fibrils of the white matter as interlacing fibrils— 
the axis cylinders being almost unstained. In areas of sclerosis also the neuroglia 
fibril proliferation was clearly brought out, with frequently more or less altered, but 
unstained, axis cylinders in the meshes. But in the preparations the fibrils, at first 
stained an intense and beautiful blue, became decolorised very rapidly. Though only 
moderately successful, therefore, with these stains, I am satisfied of their great value. 
They are used with frozen sections: the technique, though elaborate, is much simpler 
than that of the other methods, and the tissue need not be absolutely fresh. 

Neuroglia, if well preserved, stains with all simple methods, e.g. Van Gieson’s 
stain, and of these non-specific staining methods the most valuable were found to be 
the Heidenhain iron-hematoxylin and Ford-Robertson’s methyl-violet stains. This 
iron-hematoxylin method is extremely simple and often gives very beautiful pictures 
of the glia fibrils, nucleus, protoplasm cell bodies and processes, and their mutual 
relations. By means of it the structure of the neuroglia cells and the mode of their 
proliferation and hyperplasia are well brought out, and all phases in the development 
of the glia fibrils can be followed. The methyl-violet stain is of special value in 
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representing the structure of the patches in the cerebral cortex, and gives a less 
confusing picture than the iron-hematoxylin stain. 

For the representation of the ganglion cells, Unna’s polychrome methylene blue 
was used as the modification of Nissl’s method. At first introduced by Nisst as an 
elective stain to reveal a certain portion of the ganglion ceils (the chromatophile 
granules), this method was found to stain not only these granules but certain 
component parts of the cell nuclei, not only ganglion cells and glia cells, but 
connective-tissue cells, and all cell elements in the vessel walls. It stains specially 
beautifully young actively proliferating elements, e.g. the nuclei, protoplasm, and 
protoplasmic processes of glia cells in proliferation. Nissl’s method was the first 
which made possible the study of the finer internal structure of the cellular 
constituents of the central nervous system, but it threw no light upon the ele- 
mentary fibrils in ganglion cell bodies, nor upon the relation of the glia fibrils 
to the glia cell bodies. For the latter the glia methods above mentioned 
have been adopted, but for the former none of the neuro-fibril methods have been 
used in this study. 

Van Gieson’s method was used as the routine diffuse stain. Such sections 
revealed the changes in the blood-vessel walls and the relation of the structural 
elements of the tissue to one another. In densely sclerosed areas, however, the 
distinction between axis cylinders and glia fibrils was not sufficiently brought out. 
The Kulschitsky-Pal sections were also counter-stained with picro-fuchsin to bring out 
the relation of the vessels to the sclerosed areas. 

Heidenhain’s iron-hematoxylin is a diffuse stain which, as already mentioned, 
stains the medullated sheath of the nerve fibre, the axis cylinders, and the ghia 
fibrils, but in addition it stains the cell elements of the tissue. This renders the 
interpretation of the picture a little difficult, but allows of the recognition of the 
relationship which exists between the different structural elements. This is of great 
importance in the study of cortical areas of sclerosis, as it brings out the changes in 
the nerve cells, the glia cells, and the medullated fibres. The medullated sheath of 
the nerve fibre and the axis cylinder are stained in different shades of greyish blue, 
the nuclei of the cellular constituents of the tissue have their chromatin structure 
well brought out, the protoplasm of the nerve cells is pale yellow, and the chroma- 
tophile granules a deep blue. As the medullated fibres are decolorised before the 
complete structure of the nuclear elements is brought out, it is necessary to have 
preparations in differing degrees of differentiation. 

Numerous other stains were used to bring out individual points, e.g. Weigert’s 
elastic tissue stain, Mallory’s connective-tissue stain, Gram’s stain, Ford-Robertson’s 
palladium methyl-violet stain, and Scharlach R., etc. Many sections stained by 
Levaditi’s silver method for the spirocheta pallida were also examined, but with 
negative results. 


In the foregoing sketch an attempt has been made to indicate the methods which 
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have been relied upon in the histological analysis of the changes in the several 
tissue constituents. For the myelin sheath Marchi and Weigert’s methods have 
been employed, supplemented by the iron-hematoxylin method; for the axis 
cylinders Cajal’s and Bielschowsky’s methods; for the neuroglia Heidenhain’s iron- 
hematoxylin supplemented by Van Gieson’s stain; and for the cellular constituents 
Unna’s polychrome methylene blue and the diffuse stains. For use with frozen 
sections iron-hematoxylin for the myelin sheath, Bielschowsky’s method for axis 
cylinders, Lhermitte and Guccione’s stains, and Ford-Robertson’s methyl-violet for 
the glia cells and fibrils, Van Gieson and hematoxylin and eosin for the cell elements, 
and Scharlach R. for fat granular cells. 


Ee 
HISTOLOGICAL STUDY. 
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(1) IntRopvction. 


It has already been briefly mentioned that this study is based upon the observa- 
tions made in the histological investigation of nine cases of disseminated sclerosis. 
The brain and spinal cord from most of these cases were equally thoroughly 
examined, but in only one instance was there the possibility of following the case 


clinically and anatomically. That case, therefore, has been taken, more or less, as 
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a standard of comparison, and it is proposed to begin this part of the paper by 
giving a short account of the clinical history of this patient. In the Appendix will 
be found the available clinical notes and post-mortem reports in the other cases, as 
well as an account of the general histological features and topographical distribution 
of the areas of sclerosis in Weigert-Pal sections. 


Clincal History. 


L. W., aged twenty-eight, a kitchenmaid by occupation, was admitted to the 
late Dr ALEXANDER Bruck’s wards on 4th April 1910, complaining of weakness in 
both legs, inability to walk, and tremors in both arms and legs, the duration of 
these symptoms being about two years. 

History of Present Illness—At the end of March 1908, the patient, who was 
then employed at one of the baths in Edinburgh, was reaching up to clean the wall 
with a long brush, when she stepped too far back and fell into the deep end of the 
bath. She was pulled out immediately, but was, of course, wet through to the skin. 
This gave her a great fright, and she screamed for about ten minutes. When she 
had quietened down, she had a hot bath, put on dry clothes and went home. She 
said also that a menstrual period came on about two hours before she fell into the 
water ; after this it completely stopped and did not return until a fortnight later. 
The above accident took place in the forenoon, and by the afternoon she felt so much 
better that she returned to her work. 

She continued at her work until the end of June, when one morning she found 
that both her legs had become swollen and tender, that she had shooting pains 
down her right leg, and that she had great trouble in rising out of bed. She sent 
for her doctor, who thought the symptoms were due to muscular rheumatism, and 
treated her accordingly. She was slightly feverish at this time and remained in bed 
for a week, and at the end of a fortnight returned to work. She noticed, however, 
that she did not seem to be able to walk so quickly as previously, that she was 
slightly lame, and that her right knee was stiff. 

She worked steadily at the baths until March 1909, when she began to find her 
work too heavy, and she, accordingly, took an easier situation as kitchenmaid at a 
golf club-house. She succeeded so well at this that after a month she became 
waitress. After four months this post became too heavy for her, and she returned 
to her old post of kitchenmaid, but two months later had to give this up also, and 
has done no work since 12th November. Two months before admission her symptoms 
had become more marked. Both legs became very stiff, and she could only walk 
with the help of a stick. Her arms became shaky, and one of the reasons why she 
left the club-house was that if anyone gave her a sudden start her arms became 
very shaky, and once or twice she dropped a tray full of dishes. Although usually 
constipated, she was subject to sudden precipitate action of the bowels as well as 
to incontinence, Her friends had noticed that she had been getting very slow in her 
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speech, and that sometimes she had difficulty in pronouncing words. The menstrual 
periods had been somewhat irregular, usually occurring too frequently, but lasting 
only a very short time. As these symptoms became progressively worse, she was 
sent to the Royal Infirmary, Edinburgh, to be examined by the late Dr ALEXANDER 
Bruce, who at once admitted her to his ward. 

Previous Illnesses.—Patient had always been remarkably healthy as a girl, 
and, with the exception of occasional “ bilious headaches,” can remember of no 
other illnesses. 

Condition on Admission.—Her appearance was that of a strong healthy girl 
with a good fresh colour. Smell and taste were normal. The pupils were circular 
and equal and reacted both to light and to accommodation. The eyes were freely 
movable in all directions. There was slight lateral nystagmus on looking to the 
left and slight rotatory nystagmus on looking upwards. Both discs were normal. 

Sensation to touch, heat and cold, and pain was intact; and there was some 
tenderness on deep pressure of both calves. 

The knee-jerks were both exaggerated, the left rather more than the right. 
Both Achilles jerks were also exaggerated, and Babinski’s sign was positive on both 
sides. The abdominal and upper limb reflexes were all present and apparently 
normal. There was no wasting of any muscles. There was slight inco-ordination 
in the finger-nose test with the right hand, but no intention tremor and no inco- 
ordination of the lower limbs. 

The heart was not enlarged, the apex-beat not displaced, and the pulse was 70. 
There were no murmurs present, and the arteries were not thickened nor the blood 
pressure raised. 

The chest was well formed and the expansion good. Neither percussion nor 
auscultation revealed anything abnormal. 

There was no enlargement of the liver or spleen. The stomach was not dilated, 
the digestion was good, but there was considerable constipation. The urine contained 
neither albumen, sugar, bile, nor pus, the specific gravity being 1017. She has 
occasional attacks of precipitate micturition. 

Progress.—She was put to bed and at first made good progress, but on 25th May 
numbness in the left arm developed suddenly. On the 29th she felt deaf in the 
right ear, with dull buzzing sounds, and noticed that her right eye watered 
exceedingly. She complained of feeling her face squint on speaking. On 
examination a right facial paralysis was found. The right eyelid scarcely moved on 
attempting to close the eye. The electrical reactions on the affected side of the face 
were normal both to Faradism and to galvanic stimulation. On the 8rd of June 
she developed diplopia on looking to the right, and was found to have a paralysis of 
her right external rectus. The other movements of the right eye were normal, and 
the left eye was unaffected. The pupils were equal, rounded, and dilated, and 
reacted to light and to accommodation sharply. Five days later the tongue was seen 
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to protrude to the left side, and slight difficulty in speech was observed, which was 
followed two days later by difficulty in swallowing. Dr J. 8. Fraser, who at this 
time examined the ears, reported that both vestibular apparatuses were functional, 
although possibly the activity of the right was slightly diminished. By the 8th of 
August the weakness in the legs had become very marked and they were painful on 
attempting any movement. Spasticity in the legs soon developed. On 14th August 
severe vomiting set in, which was scarcely affected by any treatment. On the 
evening of 15th August she complained of dimness in seeing, and next morning was 
found to be blind in both eyes. On examination the discs showed some pallor but no ~ 
neuritis. Muscular wasting now developed and proceeded rapidly, especially in the 
legs. The face became more hollow and sunken, diarrhcea and vomiting set in, and 
a catheter had to be passed every eight hours. From now onwards she went rapidly 
downhill, sometimes slightly better and sometimes slightly worse. She had an 
extremely septiczemic look, and died suddenly and unexpectedly on the morning of 
the 5th of September, after having passed a better night and had a little breakfast. 


Post-mortem Report. 


Body is small, well developed, and fairly well nourished. Rigor passing off in upper 
limbs and in lower limbs. Slight amount of cedema of lower limbs. Pupils are 
slightly contracted and equal. 

Serous Sacs.— No adhesions and no fluid in pleural cavities. No excess of fluid 
in pericardium. 

Heart.—230 grams. Rather small. Shows a few small milk spots on anterior 
aspect of ventricles. Tricuspid valve at C.C.,12 cm. Appears healthy. Pulmonary 
valve competent. C.C., 9 em. No pathological change. No dilatation of either 
ventricle. No subepicardial fat. No thrombi in cavities. No post-mortem clot. 
Mitral valve C.C., 11 cm. Healthy in appearance. Heart muscle rather pale but 
firm. Coronaries healthy. Aorta and aortic valves also healthy. Aortic orifice 
C.C;, 8 -cm. 

Lungs.—Lungs are voluminous and pale. General atrophic emphysema, especially 
along anterior border. Adhesions between upper and lower lobe in left lung. 
Collapse in lower lobe. On section the lung shows cedema in both upper and 
lower lobes. Bronchi contain a good deal of frothy mucus. No special change in 
their walls. Right lung: adhesions between upper and middle lobes. There is a 
stony, hard nodule in lower part of upper lobe. On section the lung is cedematous 
and has slight congestion of lower lobe. Left lung, 290 grams. Right lung, 
400 grams. 

Inwwer.—1470 grams. Normal in size. Gall-bladder is very small and contains 
a small quantity of brownish-red bile. No evidence of gall stones. On section 
liver substance is pale in colour, rather friable and soft. There is some diffuse 
fatty change, slight in extent. 
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Kidneys.—Left, 220 grams. Left suprarenal gland is large. No special change. 
On section, kidney slightly enlarged. Cortex as a whole is diminished in breadth. 
It is pale. At upper end there are several opaque white areas with hemorrhage 
around them. General dilatation of pelvis. Capsule strips easily and leaves smooth 
lobulated surface (fcetal). Right kidney, 200 grams. Right suprarenal is also large 
but shows no special change. Right kidney distinctly enlarged. On section shows 
numerous abscesses. Pelvis dilated and shows pyelitis. 

Other Abdominal Organs.—Spleen, 75 grams. Not abnormal in size. Pale 
colour and soft in consistence. Hzemorrhage into substance. Stomach dilated. 
Mucous membrane pale. Covered with glairy mucus. Shows minute hemorrhages. 
Some chronic gastritis. Harly marked dilatation of veins in lower part of 
cesophagus. Mucous membrane of duodenum is somewhat congested and shows a 
few small hemorrhages. Pancreas is pale and appears healthy. Small and 
large intestines show nothing abnormal in mucous membrane. Bladder shows 
some thickening; interior grey and necrotic in places. Uterus and appendages 
appear normal. 

Brain.—No clots in superior sinus. Convolutions atrophied. Some general 
opacity of pia arachnoid. Fluid in subarachnoid space. 

Cord.—Shows irregularly scattered areas of bluish-grey colour varying in size 
and shape. Cord as a whole is small. Similar areas in pons and medulla. 

Macroscopically the cerebral and spinal meninges were in the main normal, but 
in places where the grey and greyish-blue areas in the cord reached the surface the 
pia over these areas appeared slightly opaque. On section of the cord at various 
levels, numerous gelatinous grey areas were found, and also parts of a softer con- 
sistence with a whiter colour than the normal tissue of the cord. Sections of the 
medulla oblongata and pons indicated the same two types of areas, parts of the pons 
appearing so affected that there were only islands of normal tissue, and the floor 
and immediate neighbourhood of the IVth ventricle were also markedly involved. 
Numerous areas were found in the horizontal sections of the cerebral hemispheres 
at various levels, not only in the basal ganglia and white matter, but also in the 
cortex and subcortical white matter. There was a well-marked peri-ventricular 
sclerosis, especially of both the posterior horns of the lateral ventricle extending 
down into the descending horn on both sides. The ventricles were not dilated, 
and their surface was smooth but cloudy, and raised in slight ridges corresponding 
to the venous branches which are present underneath the ependyma, especially at 
the posterior and anterior horns of the lateral ventricle. These veins were distinctly 
outlined and surrounded by a zone of gelatinous tissue. 

The size of the areas varied very considerably : in the cord it was impossible to 
define macroscopically, either on the surface or on section any of the areas, as 
they seemed to run into one another. In the brain, however, isolated areas were the 
rule, though here also irregular areas of different size and form coalesced, Those 
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isolated in the white matter varied in diameter from 1 to 10 or 12 millimetres, 
and were mostly oval or circular. The largest were found in the immediate 
neighbourhood of the roof of the lateral ventricle, and gave the impression of 
being upward extensions of the peri-ventricular sclerosis of the roof. 


In examining the microscopic findings it is important to recognise that different 
stages of the disease come under observation, and it would appear natural to differ- 
entiate acute, subacute, and chronic stages, for they are often enough found close 
together in one and the same case. The finding at the autopsy of patches at 
different stages in their evolution accords with the clinical history of the affection, 
which has usually progressed with remissions and relapses. It is, however, by no 
means universally admitted that the recent areas are transformed into those which 
would seem to represent a chronic process, in which all traces of inflammation have 
disappeared. If such chronic areas do not develop on the basis of the former, it 
must be acknowledged that there is a strong justification for looking upon them 
as a multiple gliosis, related to an anomaly of development, and upon the recent 
areas aS an acquired form of sclerosis, whose origin lies probably in toxi-infective 
conditions. 

This study, therefore, begins with a short description of these two types of 
areas; the one an old area, typical of the “sclérose en plaques” of the earlier 
writers ; the other, a recent area, corresponding to those found in the so-called acute 
multiple sclerosis of recent writers. It will then be necessary to endeavour to 
trace all the stages in the development of an actual sclerotic area, and further to 
describe other types of areas present. A second section will deal with the 
structure of areas in special situations, e.g. peri-ventricular sclerosis, cortical and 
combined subcortical and cortical areas, areas in the grey matter of the cord, areas 
in the cerebellum, nerve roots, etc. A further section will deal with the changes 
in the individual structural components of the central nervous system, and a final 
section with other features, e.g. the form, symmetry, and distribution of the areas, 
and changes such as secondary degeneration outside of the area. 


(2) Structure or Dirrerent Types or AREAS. 


1. An Actual Sclerotic Area. 
(a) In the Spinal Cord. 
(i) Nerve fibres cut longitudinally (figs. 4, 31, 331-336, and 341, 342), e.g. 
in the ventral third of the posterior columns. 


The histological structure of such an area is a very simple one. It consists 
almost entirely of newly-formed fibrils which are arranged parallel to the original 
course of the nerve fibres. In sections stained by means of Weigert’s medullated 
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sheath stain and counterstained with picro-fuchsin,* under a low magnification we 
recognise at once three of the outstanding characteristics of an old sclerotic area 
(fig. 335): the disappearance of the myelin sheath of the nerve fibre, the prolifera- 
tion of the glia, and the alterations of the blood-vessels. By means of a glia stain 
(fig. 333) and a diffuse stain (fig. 336), these changes are confirmed and their 
details revealed ; by an axis cylinder stain the fourth histological characteristic is 
represented—the persistence of numerous axis cylinders (figs. 334, 424); and, by 
the Marchi method, it is seen that this old sclerotic area contains no degenerating 
nerve fibres nor granular cells containing the products of the degenerated myelin. 

The shape of this area is brought out clearly by Weigert’s stain as an elongated 
oval with its long diameter in the long axis of the cord (fig. 31). The continuity, 
therefore, of the nerve fibres is broken by this oval area, and the absence of the 
myelin at the sides is more or less sharply defined from the surrounding tissue, the 
margins forming more or less sinuous lines, but the limits of the area, on longitudinal 
section, are never straight or even curved outlines, for individual nerve fibres or 
bundles of such pass into the borders. The myelin sheath of these fibres stains 
irregularly and weakly, and the termination is usually broadly broken off, or it may 
be swollen or narrowed (fig. 406). 

Numerous fine glia fibrils course in regular, undulating lines parallel to and close 
to one another (figs. 3, 334). The neuroglia nuclei lie often in short rows or in 
groups, but more often, as in this area, isolated with the long diameter in the long 
axis of the fibrils, and, as a rule, quite independent of them. The number of the 
nuclei is smaller than in the normal tissue, but in structure and form they are 
slightly larger, clearer, and more oval. Between the glia fibrils and surrounded by 
them are found numerous axis cylinders, which are mostly thin and fine but thicker 
and more homogeneous in structure than the glia fibrils (fig. 334). They do not 
run in such regular lines, and frequently show as faint diffusely-stained bands. The 
impression is often given that in place of the myelin sheath there has been a sub- 
stitution of glia fibrils, forming a glious sheath to the axis cylinder. Laprnsky has 
wrongly interpreted this process of substitution as a metamorphosis of the medul- 
lated sheath—a conception which accentuates the enveloping character of the glia 
fibril proliferation. 

The blood-vessels stand out clearly in this sclerotic tissue. Those cut trans- 
versely show, with picro-fuchsin stain, thickened, homogeneous, pink-stained walls, 
and on longitudinal section the numerous longitudinally-running small vessels 
(fig. 342) have a similar structure, with few cell elements even in their adventitia. 
The lumen of the smallest capillaries is often obliterated and that of the larger 
vessels narrowed. Weigert picro-fuchsin sections show beautifully the arrangement 
and distribution of these smaller vessels and bring out the abundant vascular supply 
of the various tissues. 


* Such sections will in future be designated Weigert sections. 
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At the periphery of the area, especially at its upper and lower limits, diffuse 
stains bring out a zone where intensely-stained nuclei are in great abundance : these 
nuclei, in iron-hzematoxylin stain, are seen to occupy the spaces between the nerve 
fibres projecting into the sclerotic tissue, and their increase can be traced for a 
small distance among the fibres of the normal tissue on all sides. The glia fibril 
proliferation and thickening of the vessels are here also evident, and this zone can 
be looked upon as a zone of transition between normal and sclerotic tissue—a zone 
where the pathological changes gradually cease till normal tissue is reached. 


(ii) Similar area in the cord with nerve fibres cut transversely (figs. 258, 259, 
353, 354, 358-360). 

To understand the structure of such an area it must be remembered that in the 
posterior columns, according to WeriGERT, the usual glia fibrils very largely run 
longitudinally, and the pathological glia fibril formation takes place almost wholly 
in this direction. Exceptions to such an arrangement will be noted later. When 
the glia proliferation has taken the simple course represented in the former para- 
graphs a transverse section of the areas seen in figs. 258, 259 will represent the 
glia fibrils as minute fine points which more or less surround as a ring larger, more 
diffusely stained, and more homogeneous points—the axis cylinders. If the section 
is directly transverse to the direction of the fibres we get so dense a picture that, 
under low power, no details can be recognised (fig. 354). But a higher magnification 
shows that the normal meshes of the glia and the space originally occupied by the 
myelin sheath of each nerve fibre is replaced by those fine points. Amongst them, 
lying almost isolated and in no way forming the nodal points of a reticulum, are 
rounded nuclei, with smooth nuclear membrane and clearer nuclear structure than 
the small normal glia nuclei. In this dense tissue is found the cross-section of 
numerous thickened capillaries and pre-capillary vessels (fig. 443). Around each 
vessel is a narrow zone where the glia fibrils radiate almost perpendicularly to the 
vessel wall—forming the “corona ciliaris” described by Borsr and Srorcu. It is 
not a question of a central vessel but of many transverse and oblique vessels. These 
give the impression that not one single vessel, but the branches of a vessel system 
are affected. Weigert sections show the complete absence of myelinated fibres 
within the sclerotic tissue, but at the periphery the transition to normal tissue is a 
gradual one—isolated well-stained myelin sheaths being found within definitely 
sclerotic tissue (fie. 258). The transition zone is again seen to consist of a large 
number of small deeply-stained nuclei, amongst which are found larger nuclei with 
a distinct amount of protoplasm and several protoplasmic processes (fig. 357). Here 
a more reticular arrangement of the glia fibrils can be recognised : the glia trabeculee 
which, in the normal tissue, separate groups of nerve fibres, are in this transition zone 
more evident, and the processes of the cells cut into the larger meshes, dividing up the 


bundles into smaller and smaller groups, till, finally, the meshes contain only individual 
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nerve fibres, and the granular appearance of the sclerotic area is reached. Sections of 
such an area stained by the Marchi method again show no black staining : the charac- 
teristic transverse section of the myelinated fibre is absent, but no traces of degenerat- 
ing myelin are found either in the fine tissue spaces or around the blood-vessels. 

The impression is received that here again the normal architecture of the tissue 
is preserved ; that the myelin sheaths have disappeared (fig. 258) (Weigert stain), 
and have been replaced by a fine close fibre formation (fig. 354) (glia stain); that 
the walls of the blood-vessels, even the small capillaries, have thickened walls with 
few cell elements (fig. 440) (diffuse stains); that the axis cylinders have, at least 
to a considerable extent, been retained (fig. 427) (silver impregnation stains); that 
there are present in the area or its periphery no indications of the degeneration of 
myelin (Marchi method)—thus allowing it to be supposed that the process which 
caused the myelin destruction has come to a standstill; and, finally, that there are evi- 
dences at the periphery of the area, in a nuclear proliferation and diminution in myelin 
fibres, of a process which has left these traces of a reaction to its further progress. 

These areas, just described, in longitudinal and transverse section, are typical of 
the sclerosis which is the essential substratum of the disease known as disseminated 
sclerosis. They show a compact glia fibril proliferation, apparently without spaces, 
for only here and there are there traces of the original glia meshes. The area of 
dense sclerosis is regularly surrounded by a peripheral transition zone, which inter- 
poses between it and the healthy tissue. This transition zone shows very numerous 
nuclei of small and large glia cells, with more or less developed glia trabecule. 


(b) In the Cerebral White Matter. 


The first points to be noted in comparing such an area with a similar one in the 
spinal cord are that in the brain it is much more usual to get a more defined outline 
of the patch, and also that a central vessel, cut transversely or longitudinally, is 
more frequently present. 


(i) Nerve fibres cut longitudinally, e.g. at the base of or within a medullary 
ray (figs. 288, 372). 

The shape of the area is again often oval and its structure is very similar to that 
described in the longitudinal direction of the cord. Weigert sections show again a 
complete absence of myelin (fig. 284); the presence often of one thickened vessel, 
which sometimes is found to extend centrally almost the whole distance of the patch 
(fig. 287) ; and the presence also of numerous other smaller vessels cut transversely, 
obliquely, and longitudinally—all with walls thickened, almost homogeneous and 
structureless. The general substance of the area is again composed in great part of 
fine glia fibrils (fig. 372), which run longitudinally and parallel to each other, and 
surround the persisting axis cylinders (fig. 422). The glia cells in this area are, as a 
rule, much less numerous than normal; they have, however, more elongated and 
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lighter-staining nuclei. Along with these many darkly-staining smaller nuclei are 
found, which agree in form and staining with the normal small glia cells of the 
cerebral white matter. The preserved axis cylinders are, as a rule, much fewer in 
number than in the cord, and they show, even in the dense sclerosis, more evident 
indications of a previous involvement. They are usually thicker, more diffusely 
stained, and have more irregular contours as compared with the axis cylinders of 
adjoining medullary rays. Marchi-stained preparations again show a complete 
absence of any degerating myelin either in nerve fibre or in the presence of fat 
granule cells. The affected area stands out much lighter in colour than the surround- 
ing tissue, and gives a contrast almost as marked as the negative picture of the 
Weigert section. In glia sections this condensed tissue is, on the other hand, much 
denser and darker than the surrounding tissue, and its limits are often very defined 
—that towards the central white matter being abrupt, that towards the radiations 
of the convolutions being very frequently in the form of a wedge with its apex to 
the radiations (cf. fig. 405). The transition zone at this limit is also much more 
marked and consists of a narrower or broader zone of deeply-staining round nuclei, 
amongst which a few larger, protoplasmic forms are found. This nucleated zone 
extends for a short distance into the normal myelinated tissue. 


(ii) When the sclerosis affects a portion of the brain substance in which the 
nerve fibres normally run in very varied directions (figs. 292, 293; 
364; 397, 398; 430), eg. a small defined area in the central white 
matter above the roof of the lateral ventricle, the resulting tissue is 
a very dense network in which the original glia spaces are replaced 


by fine fibrils. 


On Weigert picro-fuchsin sections the central vessel stands out clearly as the 
mid-point of a yellow-stained zone, at the periphery of which there is usually an 
abrupt transition to normal myelinated tissue (fig. 294). If bundles of longitudinal 
fibres are cut across, these often pass for a short distance into the sclerotic zone, 
breaking the otherwise almost defined circular or oval outline of the area (fig. 292). 
At their terminations such fibres do not show any evidence of degeneration but are 
simply faintly-staining normal fibres. In this sclerotic zone there are found as a 
rule, in addition to the central thickened vessel, several cross-sections of capillaries, 
each standing out as a pink thickened ring, which encloses a narrow lumen. Indi- 
vidual capillaries are quite obliterated and form a dense solid fibrous cord. Marchi- 
stained preparations again show a complete absence of signs of disintegration of 
myelin: the affected area again appearing lighter in colour than the normal tissue. 

Sections stained for glia and for cell structure show that the sclerotic tissue is 
composed almost entirely of glia fibrils. These fibrils are very unequal in size: the 
larger form larger meshes into which the finer fibrils cut and make finer meshes. 
The tissue becomes denser and denser till the meshes are inconceivably fine (fig. 364). 
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The size of the glia cells varies very much, but the body of the cell is in general 
round or slightly elongated and may contain one or more nuclei but little protoplasm. 
Around the blood-vessels (fig. 398), even the capillaries, is a zone in which this fibril 
formation is even more dense ; the fibrils rarely form a “corona ciliaris,” but rather 
concentric layers of fibrils closely pressed together, with few nuclei, form an outer 
dense glious sheath to the vessel. The axis cylinder content of these areas has been 
exceedingly difficult to ascertain, for the brains of most of the cases in which such 
areas occurred were already fixed in formalin, and the Bielschowsky impregnation 
method in cerebral areas gave no absolutely reliable results. A comparison with 
other areas, stained by means of Cajal’s silver method, showed how extremely 
difficult it was to differentiate between glia fibrils and fine axis cylinders and their 
branches. The intimate network formed by both is so alike that it was never 
possible to be satisfied that in these dense sclerotic cerebral areas there could be so 
abundant an axis cylinder network persisting, and the conclusion was come to that 
in such areas the glia network had been stained. Other areas which had been cut in 
two by the section of the hemispheres were taken through—one part by Cajal’s 
method, and one for glia and cell staining. These showed that when the fibrillar 
network of the gla was not quite so dense as above described, there was a very 
abundant network of axis cylinders and their finest branches persisting (fig. 430). 
Such areas will be referred to in a later section. 

The nucleated transition zone of these dense sclerotic areas was, as a rule, a 
narrow one, and the nuclei were all relatively small and darkly staining (fig. 403). 
Even in the sections stained with diffuse stains the contrast between the sclerotic 
tissue and the normal was very evident. 

Such areas, therefore, consist of a dense-meshed fibrillar tissue, poor in nuclei, 
with thickened vessels. The areas give the impression again of tissue in which the 
normal architecture is retained: they also seem to show that the change consists in 
a demyelination, a complete substitution of the spaces by fibrillar tissue—which in 
its arrangement forms simply a condensation of the original glia meshwork (fig. 364), 
a thickening of the walls of the vessels originally present in the tissue (fig. 440), and, 
finally, the formation of a narrow but dense nucleated peripheral zone (fig. 403), 
which forms the transition to normal tissue. 


2. An “ Karly” Area. 
(a) In the Spinal Cord. 
(i) Nerve fibres cut transversely (figs. 10; 260, 261; 66, 313; 350), e.g. in 
the middle or anterior third of the posterior columns. 


On Weigert sections an irregular non-medullated area can be recognised (fig. 260), 
which extends approximately from the middle of the posterior median septum 
forwards to the posterior commissure, The area is, roughly speaking, triangular in 
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shape, with its base to the commissure, and under low power has a more or less 
definite sinuous outline. At the periphery on all sides there are isolated nerve 
fibres passing for a short distance into the area, and under high power it is seen that 
their myelin ring is very thin, or stains diffusely, and shows evident signs of degenera- 
tion. This area has formed with the posterior median septum and its vessels as a 
centre (fig. 313), and on either side are found numerous cross-sections of small vessels 
and capillaries and longitudinally-running branches of the posterior median fissure 
vessels. Individual branches of these longitudinal vessels can be followed up into 
the surrounding normal tissue. The tissue of this area, even in Weigert sections, is 
seen, notwithstanding the absence of myelin and the presence of changed vessels, 
not to correspond to the dense sclerotic fibrillar tissue seen in the former area 
described. The blood-vessels—arteries, veins, and capillaries—are all dilated and 
engorged with blood, and their walls, instead of the homogeneous, thickened, 
structureless tissue, show in the intima and media little recognisable change from 
normal; but the adventitia has its lymphatic spaces dilated and filled with nucleated 
elements, and these same nucleated elements are scattered irregularly through the 
non-myelinated tissue, and in the blood-vessel walls of the transition zone (fig. 10). 
The most characteristic features of this area are seen best with diffuse stains. 
Heematoxylin and eosin, or Van Gieson’s stain, or, even better, Heidenhain’s iron- 
hematoxylin stain, show the presence of a very large number of nucleated cell 
elements with a considerable amount of protoplasm. Most of these large cell elements 
correspond roughly to pathological examples of the proliferated spider cells of the 
normal tissue (fig. 9). The nucleus is large, vesicular, with a very light chromatin 
framework, and one or more distinct nucleoli. It lies usually excentrically in the 
protoplasm : this is large in amount, usually homogeneous, and stains slightly with 
hematoxylin, or yellowish green with the picro-fuchsin. From the protoplasm 
radiate in all directions very fine branching, protoplasmic processes, which break up 
into a fine network. Many of these cells are multi-nucleated, and vary greatly in 
shape and size from star-shaped forms to those with crescentic outline and bi-polar 
forms. Their processes bear very frequently a very definite relationship to the 
vessel walls—a relationship which will be more fully emphasised when describing 
recent areas in the cerebral white matter. Smaller and darker-stained nuclei, with 
little protoplasm and no processes, can also be found in considerable numbers. In 
the spaces formed by the large branching processes of these cells and in the 
adventitial spaces of the blood-vessels lie the second tissue elements characteristic 
of such an area. These are larger, rounded, nucleated cells, with a large amount of 
vacuolated protoplasm : they correspond to the phagocytic cell of the central nervous 
system, and their vacuolated appearance is derived from the solution of the fine 
degenerated myelin granules in the process of hardening. Nuissu has given to these 
cells the name “ Gitterzellen ” from their morphological appearance, but they are more 
generally known as compound granular or fat granular cells (“‘ Fettkérnchenzellen ”) 
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(figs. 9, 10), from their function of absorbing the products of the disintegration of the 
myelin. These cells le not only in all the tissue interstices, surrounded by the branch- 
ing processes of the glia cells, but in the lymphatic spaces of the adventitia of the blood- 
vessels—whither they have in all probability been drawn in from the tissue spaces 
by the suction influence of the lymph flow in the adventitial lymphatics. Round 
even the smallest capillaries these cells form a complete ring, and the area under 


low power assumes a very characteristic appearance. The presence of such large 
numbers of fat granular cells gives to the blood-vessel walls an appearance of a cell- 
infiltration, for in the vessels larger than the capillaries they are present in several 
rows, often closely compressed. In addition to these cell elements in the adventitia, 
other nucleated elements add to the nuclear abundance of the vessel wall. The endo- 
thelium, especially of the capillaries, frequently shows evidence of a distinct prolifera- 
tion, and in the adventitia are found dark-stained nuclei, together with nuclei of a 
vesicular clearer character, both of which have probably arisen from the proliferation 
of the cells of the adventitia and the endothelial cells of its lymphatic spaces. 
Diffuse stains, e.g. Van Gieson’s stain, bring out, although feebly, one further tissue 
component—the axis cylinders. These are no longer the sharply defined, homo- 
geneous points of the dense sclerotic tissue, but a faintly-staiming, almost unrecog- 
nisable, swollen structure, which is a lesser degree of the intense swelling of the axis 
cylinders seen in marked cedema of the cord. These swollen axis cylinders are 
usually found lying in the tissue meshes, with no trace, or only slight traces, of 
myelin around them, and often closely compressed between the fat granular cells and 
the protoplasmic processes of the large glia cells (fig. 10). The iron-hematoxylin 
stain shows that in this area there is as yet almost no attempt at fibril formation on 
the part of these glia cells, although the processes at their lateral margin and 
terminations show a definitely darker staining. 

It has been seen that Weigert sections show the almost complete absence of 
myelin in this area; that diffuse stains give (1) the characteristic appearance of the 
two cell elements—proliferated glia cells with numerous processes and the fat granular 
cells—(2) the numerous dilated blood-vessels, and (3) the persistence of numerous 
swollen axis cylinders; and that glia stains give as yet no definite fibril formation. 
There remains now to be mentioned the appearance with Marchi-stained sections 
(figs. 66, 313). This is the most characteristic of all, and has given to the areas the 
name of “fat granule cell myelitis.” Hach of the large vacuolated cells in the tissue 
spaces and walls of the blood-vessels is found to be composed of a very large number 
of minute granules of a substance staining black with osmic acid. Most of these 
granules are quite round, but a few show irregular contours from compression. 
Granules are found also in the spaces between the cells. Under low power the 
area is thickly studded with these black granular cells, which also form concentric 
rings around the blood-vessels. No trace of normal myelinated fibres can be found 
within the area, but in the transition zone are recognised numerous fibres in all 
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stages of degeneration. The blood-vessels in this zone also have their sheaths filled 
with similar cells, but the numbers in the tissue spaces themselves are still too many 
to allow the radial appearance to be recognised, which is characteristic of the areas 
in which the blood-vessels radiating from the area have their walls filled with cells 
which have passed from the tissue spaces to the lymphatic spaces of these vessels, 
leaving the tissue more or less clear. In this transition zone, in addition to numerous 
degenerating myelin fibres and vessels with rows of fat granular cells in their walls, 
we find also a marked proliferation of the glia cells and protoplasmic processes, and a 
widening of the normal glia meshes, but the degeneration of the myelin has not 
advanced to the stage of complete disintegration and its absorption by cells. The 
glia meshes of the adjoining normally myelinated tissue are distinctly widened, the 
cells also enlarged, and the blood-vessels engorged and dilated. 


(ii) Similar “early” area in the cord—nerve fibres cut longitudinally (figs. 
1, 2; 18-20; 326, 338). 

In Weigert sections under low power, this area is both laterally and at its upper 
and lower limits very irregularly defined. The transition zone on all sides shows 
that the fibres, though still staining with hematoxylin, are markedly altered 
(fig. 406). Longitudinal sections are very valuable in showing the changes in the 
nerve fibre as it passes into the area. Those changes will be referred to in detail in 
a later section. In the area itself are numerous globular and granular remains of 
the myelin which have not undergone complete disintegration into fat droplets 
(fig. 407), and one can also recognise, even within cell elements, such remains which 
still retain the myelin stain. 

Marchi preparations (figs. 316-318) show the characteristic appearance of long 
rows of fat granule cells, which seem to occupy the spaces left by the removal of the 
degenerated myelin of the nerve fibre and also the longitudinally-running vessels 
surrounded by elongated layers of similar cells (fig. 433). In sections stained with 
Scharlach R. and hematoxylin (figs. 18-20), the smallest capillaries can be followed, 
marked out by a single or double row of such cells, the nuclei of which is either 
central or pushed to the periphery by the accumulating granules of fat. In the 
transition zones of the area the disintegration of the projecting nerve fibres can be 
followed and the formation of the fat granule cells, which can be traced not only 
into the transition zone but even between the nerve fibres of the normal tissue. 

In sections stained with diffuse stains, the large glia elements, already referred 
to, are beautifully seen, lying often in rows (figs. 337, 379), with the nuclei of two 
adjoining cells lying close to one another, as if they had arisen from the division of 
one cell. The long branching protoplasmic processes extend round and almost 
envelop the rows of fat granule cells, and in some parts the direction of these pro- 
cesses is already becoming longitudinal. Almost pushed aside between the rows of 
cells and the protoplasmic processes can be found faintly-stained, homogeneous, 
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swollen bands, which represent axis cylinders (figs. 1, 2), and here and there are 
large numbers of rows of finer and larger granules staining with the same tone as 
these bands. These are the remains of disintegrated axis cylinders, which seem, 
after the stage of severe swelling, to become broken up into large granule formations 
and gradually into finer granules before they ultimately disappear (figs. 425, 426). 
These remains of axis cylinders can be distinctly recognised not only with eosin, 
picro-fuchsin, and iron-hematoxylin, but also with the elective axis cylinder stains, 


e.g. Cajal’s and Bielschowsky’s methods. 


(b) In the Cerebral White Matter. 
(i) Nerve fibres cut longitudinally (figs. 284, 304, 370, 373-376), e.g. an 
oval area at the base of or within a medullary ray. 


Such an area is again very similar in structure to that described in the spinal 
cord. Weigert sections show that there is a gradual transition on all sides into 
healthy tissue (fig. 284), and that the adjoining nerve fibres show marked traces of 
swelling, diffuse staining, and granular disintegration. The blood-vessels appear very 
numerous and even the capillaries are dilated, engorged with blood, and, in nuclear 
staining, show an evident increase of the endothelial nuclei, together with a very 
abundant presence of fat granular cells in their adventitial spaces. The two most 
characteristic features of the cord area are here again present: (1) the rows of fat 
granule cells, which seem to occupy the tubular spaces of the degenerated myelin 
fibres (fig. 373); and (2) the presence of rows of large, protoplasmic glia cells 
(fig. 375), whose processes entwine between the rows of fat granule cells and separate 
them into more definite layers. These processes divide into numerous, fine, inter- 
lacing and anastomosing branches which tend to take a longitudinal direction, the 
protoplasm of some of the cells being drawn out also in a longitudinal direction and 
giving off numerous processes from either pole. The glia nuclei are vesicular and 
elongated and frequently one or more are at either pole of a cell. Together with 
the larger nuclei are found many smaller, darker-stained nuclei, with little protoplasm 
and no processes. 

The adventitial wall of the longitudinally-running vessels is again infiltrated with 
fat granule cells, which form a single or double layer, and when the capillaries join 
the smaller vessels the whole tissue in the angles between the vessels seems permeated 
with such cells. In the walls of the vessels are found other nucleated elements 
which are rounder, denser, and have only a small cell body, and similar cells are 
found frequently in small groups or isolated in the tissue immediately adjoining the 
capillaries. The axis cylinders are here very thickened and vesicular and in many 
parts transformed into clumps of larger and smaller globules and granules. In all 
cases they seem pushed aside by the large glia cells and rows of fat granule cells, 
and take the direction between these rows. Marchi-stained preparations (figs. 304— 
306) bring out very beautifully the enormous number of fat granule cells and the 


; 
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changes in the nerve fibres as they pass into the affected area. The transition zone 
is a very broad and irregular one, and can be more clearly understood from transverse 
sections of such an area. 

Such an area, therefore, consists of elongated rows of fat granule cells, almost 
alternating with rows of large, protoplasmic glia cells with long-branching processes. 
In between the rows are numerous capillaries and larger vessels, cut mostly longi- 
tudinally, and surrounded by one or more layers of fat granule cells. Numerous 
axis cylinders have perished, and those persisting are markedly altered. There is a 


complete absence of myelin within the area, and the transition into normal tissue is 
a very gradual one. 


(ii) Small “early” area in cerebral white matter, with nerve fibres cut in 
various directions (figs. 5, 6; 68; 361, 362). 


The most important and characteristic feature of such an area is the enormous 
number of large cell elements. These are of two kinds: the one the round vacuolated 
fat granule cell with central or peripherally-placed nucleus (fig. 365); the other the 
large protoplasmic glia cell with branching processes (fig. 6). Both of these cell 
elements are seen here at their most distinctive stage of development. This area 
(fig. 5), situated in the central white matter at the base of one of the parietal con- 
volutions, measured less than 2 millimetres in diameter. It was almost circular, 
and was surrounded by a well-marked nucleated transitional zone. In Weigert 
sections one saw a well-marked central engorged vessel with an increase of nucleated 
elements in its walls, a complete absence of myelin within the area, and the presence 
of numerous rounded spaces, almost equal in size, which gave the non-myelinated 
tissue a very characteristic fenestrated appearance. With cell stains it was recognised 
that these spaces are fat granule cells, so closely arranged together that one might 
almost think of them as forming irregular tubular lines made up of cell units—the 
tubules almost as closely arranged as the rows of liver cells in a lobule. Between 
eroups of these cells lie large glia cells such as are nowhere found in the normal 
glial tissue. These are large cells with homogeneous cell body : their size sometimes 
as large as that of a motor ganglion cell of the cord. They have large-branching, 
protoplasmic processes which wind around the individual fat granule cells and almost 
surround and isolate them. Their nucleus is large and vesicular, and contains a 
very defined membrane and one or more deeply-stained nucleoli—its position is 
usually excentric but is sometimes central. These cells differ from the Deiters or 
spider cells only in degree and are pathological spider cells, and they may be multi- 
nucleated. ‘They are found specially numerous in the neighbourhood of the small 
blood-vessels, and their processes are frequently attached to the adventitial wall 
(of. figs. 435, 436). With glia stains it is seen that the margins of the processes of 
these cells are already becoming differentiated into fibrils (fig. 382) which are found 


lying between and surrounding the fat granule cells.- The central vessel is dilated 
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and engorged with blood, and in its adventitia is an increase of nucleated elements. 
These are mostly small, round, deeply-staining nuclei with little protoplasm, together 
with a few fat granule cells. The capillaries within the area are also dilated, but 
changes in their walls are not marked. The presence of swollen axis cylinders in 
cross-section and in short pieces in longitudinal can be proved in the narrow spaces 
between the fat granule cells and the glia cell processes. 

At the periphery is a more or less broad transition zone. This shows (1) a very 
irregular loss of myelin, the myelinated fibres showing all stages of degeneration ; 
(2) a very marked nuclear proliferation, which in the outer part consists mostly of 
small nuclei and in the inner part of the larger, protoplasmic cells similar to those 
just described; and (3) the presence of a few fat granule cells lying in the wide 
meshes between the processes of the large glia elements. 

Marchi sections of such a small recent area (figs. 13, 68) show the central vessel 
surrounded by concentric layers of cells filled with closely compressed fat granules. 
Similar cells lie irregularly but closely scattered in the tissue, and the picture 
enables one to recognise how such areas received the designation of “fat granule 
cell myelitis.” Marchi sections counter-stained with safranin and mounted in 
Canada balsam give a very instructive picture. The fat granules within the cell 
elements dissolve in the Canada balsam, leaving a skeleton structure of the tissue 
with the nuclei and the processes of the large glia elements and the nuclei of the 
fat granule cells stained with safranin. Such sections frequently gave the most 
characteristic representation of the close relation of glia cell processes to the fat 
granule cell—the latter apparently lying in the large meshes formed by the pro- 
cesses of different glia cells. The Marchi preparations also showed that the fibres 
in the transition zone were in a condition of disintegration. This degenerating 
myelin did not dissolve out when mounted in Canada balsam—thus showing the 
different constitution of the fat granules within the cells and the globules and 
fragments of disintegrated myelin. 

Such an area, therefore, again consists largely of closely arranged fat granule cells, 
between which lie the large protoplasmic proliferated glia elements ; of dilated vessels 
with fat granule cells and other nucleated elements in their adventitial spaces; of 
markedly altered persisting axis cylinders; and of a gradual transition zone in which 
these changes are less marked and in which degenerating myelin fibres may be found. 


If now the old sclerotic areas are briefly contrasted with those which have been 
termed recent areas, it is found that the areas typical of the ‘“ sclérose en plaques” 
of Cuarcor are marked by the following histological characteristics : the complete 
absence of myelin (Weigert stain); the presence of a dense fibrillar tissue (glia 
stain); the persistence of numerous axis cylinders (silver impregnation method) ; 
the presence of numerous blood-vessels with condensed, sclerosed walls (diffuse — 
stains); and the complete absence of any evidence of myelin degeneration (Marchi 
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method) ; and, finally, a nucleated transition zone, which gives frequently an abrupt 
passage to normal tissue. On the other hand, the recent areas, while presenting 
a striking contrast to the former, have also some of these characteristics, but in 
a lesser or different degree: the absence of myelin within the area; a very 
slight commencing glia fibril formation, but a very intensive glia cell prolifera- 
tion; the persistence, to a much less extent, of axis cylinders and those per- 
sisting being markedly altered; the presence of numerous dilated blood-vessels 
with nucleated elements in their adventitial spaces; the marked indications of 
a previous myelin degeneration in the presence of fat granule cells which fill up 
all the interstices of the tissue and the adventitial lymph spaces of the blood- 
vessels; and, finally, a very gradual nucleated transition zone in which all these 
changes are less marked, but are combined with an evident degeneration of the 
myelin of the nerve fibres in this zone. 

The question naturally arises: What relation do these two types of areas bear 
to one another? The finding of both types side by side in the same case, and the 
clinical history—with its remissions and relapses—aregue for a close connection 
between them. Yet numerous writers, while not denying that the end result of 
the recent areas is a sclerotic tissue which bears a close agreement to the old 
sclerotic areas typical of the disease first designated by Cuarcor disseminated 
sclerosis, claim that true or primary disseminated sclerosis arises solely on the basis 
of areas of the first type, in whose evolution there is no stage corresponding to 
that of “fat granular cell myelitis.” Areas of sclerosis which pass through the 
stage of the second type must be designated as secondary sclerosis, and those 
areas arise on the basis of a disseminated myelitis. 

The questions must then arise: What is the evolution of the first type? and 
what are the stages in the evolution of the so-called secondary sclerosis? In the 
next two sections an endeavour will be made to trace their respective evolution. 


3. Evolution of an Actual Sclerotic Area. 
A. Through Stages of increasing Glia Hyperplasia. 


The supporters of the view of a primary form of disseminated sclerosis claim 
that the essential lesion lies in the neuroglia tissue. By some anomaly of develop- 
ment this tissue, in certain areas, undergoes an intensive proliferation, which, by a 
eradual constriction of the glia meshes, produces a slow atrophy of the myelin 
sheath of the nerve fibre. The myelinated nerve fibre, therefore, in certain areas, 
undergoes a progressive reduction in its volume till it is completely replaced by 
the glia fibril proliferation, leaving the axis cylinder preserved. This proliferation 
goes a stage further than a mere substitution of glia fibrils for myelin sheath, for 
it is of such intensity that in no other condition is the glia proliferation so marked 
as in disseminated sclerosis (WerrcERT). It is claimed that not only is there a 
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direct action on the nerve fibres by direct compression of the proliferating glia, but 
that there is an indirect action upon their nutrition. By accumulating around the 
vessels the glia, if it does not close their lumen, is said at least to limit their ex- 
pansion, and diminish the blood-flow, and interfere with the circulation in the 
peri-vascular lymphatics. In this simple atrophy of the myelin sheath the de- 
generated products, owing to the slowness of the process, are removed just as 
formed, in the form of very fine granules or in solution, without requiring the 
presence of true granular cells. These cells are said to appear only when the 
process is more rapid: they may occur at the periphery of an area of true, primary 
sclerosis, where the affected tissue causes a reaction in the normal tissue and an 
excentric spread of the process occurs. 

In the description of an area of old sclerosis in the cord (p. 563) an oval area in 
the posterior columns was chosen, because here the glia fibrils normally constitute a 
very uniform fine network and the pathological increase of the fibrils appears to take 
place much more regularly in a direction parallel to the normal nerve fibres. In the 
lateral columns, however, the gradual increase of glia in a sclerosed area, on trans- 
verse section, can be followed up much more easily because of the more definitely 
reticular structure of the normal glia in this situation. The glia trabeculee, in the 
lateral column, run out transversely to the long axis, both from the marginal glia 
zone and from the lateral grey matter. In the substance of the white matter they 
break up into a reticulum which is much coarser and more transverse than in the 
posterior columns, and the resultant meshes enclose the fibres and groups of fibres, 
which in their turn are larger than the average fibres of the posterior columns. 

Fig. 343 shows an area in the lateral column, in which there is a commencing 
thickening of the glia trabeculze and of the finest fibres forming the reticulum. This 
gradually increasing thickening (fig. 344) can be followed up till the finest glia 
meshes are almost obliterated and a dense fibrillar feltwork takes their place 
(fig. 345). With glia and cell stains it is seen that the septa which are formed by 
the glia fibres around the groups of nerve fibres become thicker and denser and 
richer in fibrils: they, as it were, force the groups of nerve fibres more and more 
apart and divide them into smaller groups, and the fibrils penetrate amongst indivi- 
dual nerve fibres. There is thus produced a feltwork of glia tissue, composed of glia 
fibrils, becoming more and more dense. As this condensation increases, even under 
low power it can be recognised that the ring of myelin around individual nerve fibres 
is becoming thinner, and finally the brilliant yellow-green ring (Van Gieson’s stain) 
disappears altogether and leaves a naked axis cylinder. Sometimes this condensed 
glia has a granular, but more often a homogeneous, appearance, as if the individual 
fibrils had fused. Simultaneous with the thickening of the glia trabeculs and 
reticulum the glia nuclei in the nodes of the reticulum and within the trabecule 
have enlarged and proliferated, becoming large protoplasmic cells with long-branch- 
ing processes (fig. 347). In the glia septa, large and small, in which the blood-vessels 
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run, numerous examples of these may be found—the large ramifying processes Joining 
the general glia reticulum. In such a condensed glia tissue the axis cylinders may 
be recognised for a long time (fig. 345). They appear little altered either in quantity 
or quality, but may be atrophied and gradually disappear or appear to fuse with the 
general glia tissue. The blood-vessels present thickened, condensed walls, with few 
cell elements. No compound granule cells can be found either distributed in the 
tissue or in the adventitial lymph spaces of the vessels. The proliferated glia cells 
seem to remain for a long time enlarged in this condensed tissue and their very 
defined processes can frequently be traced for a long distance, with no relation to 
the close feltwork of the glia in which they lie. Cross-sections of such areas are 
seen in figs. 345, 347, in which the dense glia tissue appears almost fused and stains 
lightly with Van Gieson’s stains: the numerous glia cells are still larger than the 
largest spider cells of the normal cord. Weigert sections of such an area show a 
complete absence of myelin in the fully sclerotic area, but in the earlier stage of 
thickening of the glia trabeculz, the myelin ring appears only thinned and atrophic 
and gradually lost. A low-power view of such an area gives the impression merely 
that the myelin sheath is faintly stained compared to the normal tissue, the transi- 
tion to which is more abrupt than the glia-stained sections would indicate. In 
Marchi-stained preparations of the fully developed area, there is a complete absence 
of any indication of myelin degeneration. 

It must be noted, however, that in some areas which also give the impression of 
a primary glia change, which has gradually encroached upon the nerve fibres and led 
to the dissolution of the myelin, compound granular cells have been found at the 
periphery of the areas and in the walls of the small vessels within it, and also for a 
time very isolated examples in the tissue itself. Such cells are always very isolated 
and give the impression that the process has been a slow one, and that somehow, in 
the gradual withdrawal of these cells from the tissue spaces into the lymph channels, 
a few have been left behind. 

Such areas, from the slowness of the demyelination process; the absence of all, 
or almost all, signs of reaction except in the neuroglia tissue; and the frequent 
absence of granular cells, may be looked upon as evolving gradually to a complete 
sclerosis without any intermediate stage of fat granule cell myelitis. 


B. Evolution of an Actual Sclerotic Area through a Stage of so-called 
“Fat Granule Cell Myelitis.” 


(a) Spinal Cord. 
(i) Nerve fibres cut transversely (figs. 8-12; 349-354). 


It will be convenient again to take an area in the ventral third of the posterior 
columns of the cervical cord, for such are very numerous in our preparations. To 
trace the gradual changes by which the normal tissue is replaced by sclerotic tissue 
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it will be necessary to refer to stages. These, it must be admitted, are somewhat 
artificial, yet they are marked in general by definite histological characteristics. 

(1) The first indications of change (fig. 8) are best brought out by Van Gieson’s 
stain and seem to us related to the glia cells. The normal spider cells show a distinct 
enlargement not only of their nuclei, but of their protoplasm and protoplasmic pro- 
cesses, and the small darkly-stained glia nuclei in the tissue also show a lighter 
staining. As yet there is no proliferation of such cells nor of any of the tissue cells, 
e.g. cells in the blood-vessel walls. Very closely related to this glia cell enlarge- 
ment is a change in the nerve fibres and in the glia reticulum. This seems to start 
in a slight cedematous swelling of the tissue meshes, a swelling and faint staining 
of the myelin sheath, and a diffuse pink staining and swelling of the contained axis 
cylinder. These alterations are very slight, and though analogous in kind to the 
similar changes found in acute myelitis, are not so in degree. The small capillaries 
are dilated and engorged with blood, and show a slight participation, in the dilata- 
tion of their adventitial lymphatic spaces, in the slight cedema of this localised area. 

This swelling of the structural elements increases till large protoplasmic glia cells 
are formed, some of which show indications, in the presence of two nuclei, of a 
previous mitosis, though we have never been able to recognise definite mitotic 
figures, and it is possible, as many writers assert, that a direct division of such cells 
may occur. The myelin sheath of individual nerve fibres is so swollen and faintly 
staining as to be unrecognisable; around others only a faintly-staining ring of 
myelin can be found, and in some the swollen axis cylinder les apparently free at 
one side of the distended glia meshes. Under low power the nuclear content of this 
area is already definitely increased. These nuclei belong in part to the enlarged 
spider cells, in part to the swollen glia nuclei, and in small part to an increase in the 
endothelial nuclei of the vessels, and, where a distinct adventitia is present, to 
an increase in the lining cells of the adventitial spaces. The share these vessel 
cells take is extremely difficult to decide, for numerous areas have been examined 
in which, under low power, the affected tissue was found distinctly to contain 
more nuclei, and yet none could be traced to any change in the cells of any 
of the vessel walls. 

(2) The next steps in the process (figs. 9 and 349) are characterised by the 
‘epitheloid” cells, which, after the extraction of their 


¢ 


presence of a few large 
contents with alcohol, appear vacuolated. This stage may be termed that of a 
commencing formation of fat granule cells. At first these are very isolated in the 
tissue, but as increasing numbers of myelin sheaths undergo degeneration their 
number increases very rapidly. The development of such cells at this stage must 
be largely traced to an increase in size of the small darkly-staining glia nuclei: the 
change in the nucleus of, and the increase in the protoplasm around, these cells may 
be followed till round cells are found, with a central nucleus in which the chromatin 
structure is quite visible and, with the protoplasm, taking a faint haematoxylin tinge, 
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Such a cell is seen in fig. 9 lying in the bay formed by two protoplasmic processes of 
an enlarged, multi-nucleated, spider cell. From such a cell all transitions can be 
traced to the fully-developed fat granule cell, in which the protoplasm between the 
vacuoles stains light purple and its outer rim forms a distinct membrane. When 
this stage is reached, it is found that numerous glia spaces appear empty or are 
occupied by fat granule cells in process of development; that the long ramifying 
processes of the enlarged glia cells extend for long distances and frequently envelop 
the fat granule cells; that numerous naked, swollen axis cylinders are found attached 
to the original glia meshes, which are now only faintly visible; that the nuclear 
increase is largely related to the presence of deeply-staining nuclei with a small 
amount of protoplasm; and that all the blood-vessels in this area are dilated and 
engorged with blood. 

Slightly later in the development of the process, it is found that as the fat granule 
cells increase in number, there is often a definite reaction both in the endothelium 
of the small vessels and in the adventitial wall of the pre-capillary vessels. A special 
study was made of the recent areas to endeavour to trace proliferating endothelial 
cells in the vessel walls and their possible migration into the tissue. In many 
capillaries it seemed that the endothelial cells had proliferated and detached them- 
selves from connection with the vessel. Some of the nuclei were perpendicular and 
oblique to the vessel wall, and appeared as if passing into the surrounding tissue. 
In the immediate neighbourhood of the vessels were frequently found, especially in 
cerebral areas, small groups of cells, similar in their nuclear structure to the cells in 
the vessel walls. Stages could be traced in the further development of these into 
cells with distinct zone of protoplasm, which in its turn appeared vacuolated till true 
fat granule cells were formed. It is thus seen that at this stage of maximum 
development of fat granule cells, the cells of the blood-vessel walls take a share in 
their formation, while at an earlier date they seem to arise from the proliferation of 
the small glia nuclei. Hverywhere in the area were numerous small vessels, which 
give the impression of a new vessel-formation, but this might well be only an 
apparent increase, because all are so dilated and perceptible. In the cerebral areas 
this impression was much more marked than in the cord area, where the general 
architecture of the tissue seemed retained, in spite of the large increase in the 
cell elements. 

(3) Following this is a stage (figs. 10 and 350) in which the formation of fat 
eranule cells has reached its maximum. ‘The whole affected tissue seems permeated 
with these characteristic cells, which lie not only in every possible tissue space, but 
fill the adventitial lymph spaces of all the vessels within the area—even the smallest 
capillaries being surrounded by a uniform, cellular ring, which gives the cross-section 
a very characteristic appearance. This stage may be termed that of a granular cell 
myelitis, and is the type of area we have described under heading 2 as representing 
the so-called acute multiple sclerosis. The presence of the fat granule cells in the 
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vessel walls indicates that the cells containing the products of the disintegration of 
the myelin are already commencing to be removed in the lymph sheaths of the vessels. 
Probably as a result of the presence of these foreign bodies in the lymphatics there 
is a reaction in the cell elements of the adventitia, with the production of a certain 
number of small, round cells, with darkly-staining nuclei and a small amount of 
protoplasm. These cells can be recognised in the adventitia together with the 
presence of the fat granule cells, and it is at this stage that the tissue gives the 
appearance of an inflammatory reaction in the vessel walls. Especially under low 
power, when the significance of this nuclear accumulation is not recognised, it seems 
that the tissue bears all the signs of an infiltrative myelitis. As the process advances, 
the protoplasm around the nuclei increases in amount, and the cell content of the 
adventitia can be differentiated into its various constituent elements (figs. 434-436) : 
(1) the fat granule cell, with its vacuolated protoplasm and its nucleus, which has 
now undergone regressive changes and appears darker, and its chromatin texture 
denser, and later still the whole nucleus becomes crenated and fragmented ; (2) the 
large vesicular nucleus of the proliferated endothelial cells ; (3) the darker, smaller 
nuclei of the proliferated connective-tissue elements of the adventitia; (4) small 
lymphocyte-like cells whose nucleus is scarcely to be distinguished from the former. 

(4) The stage succeeding this (figs. 10 and 350) may be termed that of a com- 
mencing fibril formation. Up till now the tissue at first glance appears as if large 
round nucleated elements had simply distended the glia meshes and taken the place 
of the nerve fibre ; that these were specially numerous around the vessels; and that 
in place of the few spider cells of the normal tissue with the delicate glia reticulum, 
numerous large, proliferated, frequently multi-nucleated glia cells had arisen, whose 
long-branching processes entwined between and around the fat granule cells. 

It is at this stage that there appear the first glia fibrils, as distinct from the gla 
cell protoplasmic processes. This fibril formation is beautifully brought out by 
Heidenhain’s iron-hematoxylin stain, and specimens stained by this method and Van 
Gieson’s method will be drawn upon for the description of the gradually increasing 
sclerosis of this area, which has so many of the characters of an area of acute myelitis. 
The essential feature of the rest of this evolution is the further development of the 
fibrillar glia tissue, which takes place at the expense of the protoplasm and _ proto- 
plasmic processes of the large spider cells. The lateral margins and terminations of the 
processes are the first to develop into differentiated deeply-staining filaments, which 
at first retain their connection with the cell body, but as the differentiation 1s com- 
pleted they become independent of the process and of the cell body, but retain a 
close relation to the cell nucleus. The nuclei seem finally to be the nodal points 
from which the fibres radiate. The evolution of these fibrils will be later more fully 
described, and here it is sufficient to state that these fibrils gradually assume a 
longitudinal position parallel to the longitudinal direction of the original nerve fibre. 
They are found gradually to increase in amount and to interlace and almost to form 
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a sheath with elongated meshes around the fat granule cells. On cross-section of 
the nerve fibres it is difficult to trace this, but it can be seen that the fat granule 
cells are gradually compressed by the increasing fibril formation between them. It 
is probable that this compression aids the suction influence of the lymph flow in 
drawing the fat granule cells out of the tissue spaces into the lymphatic spaces. 
Many of the large protoplasmic glia cells are now found to have their protoplasm 
entirely transformed into fibrils. Along with the increase of the fibrils and the 
diminution of the fat granule cells in the tissue spaces, it is recognised that many of 
the axis cylinders which have survived the swelling have now returned to their 
former volume and are more readily recognised than at an earlier stage, lying in the 
meshes of the condensing tissue. 

(5) The next stage, that of advancing sclerosis (figs. 11, 12, and 351), is one 
which seems to occupy a long time. It is a gradual increase of the fibres, which 
seem able to become more abundant, possibly through fibrillation, even after their 
emancipation from the cell protoplasm. It is further a gradual diminution in size of 
the glia nuclei, and an increasing withdrawal of the fat granule cells from the tissue 
spaces, till only isolated examples are found. These may remain for a long time as 
vacuolated or granular spaces in the dense tissue, their nuclei very crenated or lost, 
and their membrane no longer recognisable. All the vessels, not only in the area, 
but the vessels radiating from it into the adjoining tissue, have their adventitial 
Spaces crowded with similar cells. When the fibre formation has developed slowly 
and regularly, the pathological increase has taken place, according to WErcERT and 
also in my experience, in a longitudinal direction, so that the transverse section 
represents the glia fibrils as fine granules, which surround the remaining preserved 
axis cylinders. Most of the glia cells have undergone regressive changes, but some 
large examples are still found. 

(6) The final stage, that of complete sclerosis (figs. 353, 354), can scarcely be 
separated from the former: its complete evolution must be a very slow one, but the 
final result is a tissue which cannot be distinguished from that described under heading 
1, as an old sclerotic area. In this area no fat granule cells remain either in the tissue 
Spaces or in the vessel walls; the glia nuclei are mostly small and may be fewer in 
number than in the normal cord; and the fine granular points, representing the 
fibrils, surround the axis cylinders, giving the impression that a fine fibril formation 
has taken the place of the degenerated myelin sheath. 

The blood-vessel changes, during the advancing sclerosis of the tissue, correspond 
to a very gradual condensation of the vessel walls (figs. 442, 443). The fat granule 
cells are gradually drained away, leaving the adventitial spaces still dilated. Many 
of the nuclei of these cells are left, crenated or broken up, in the adventitial wall, 
and add to its nuclear abundance. The numerous nuclei at this time may be 
attributed to several sources, but the small round cells predominate. As the 


surrounding tissue becomes more and more dense, all the walls of the vessel seem to 
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fuse and become homogeneous, and with Van Gieson’s stain take a faint pink or 
yellow tinge. The outer layers of the adventitia remain for a long time separated, 
and contain cells of various kinds, granular debris, and blood pigment, but finally 
these all disappear, leaving a dense, homogeneous ring, in which almost no cell 
element can be recognised, except a very rare endothelial cell. 

The glia changes correspond to the age of the process; on the one hand glia cell 
proliferation is found, and on the other glia fibril formation, and the tissue has 
altered to a dense feltwork. It is undoubtedly the large, pathological spider cells 
that produce the fibrils, and then in great part the nuclei perish. To such a 
disappearance and degeneration is to be traced the comparative nuclear poverty of 
the old sclerotic area. 

It may be noted here that the glia fibril formation rarely takes place so uniformly 
parallel to the longitudinal direction of the nerve fibres. Where the large lateral 
blood-vessels course inwards from the surface at right angles to the long axis, they 
interrupt the direction of the fibrils. This may partly explain the almost constant 
radial arrangement of the glia fibrils around blood-vessels in an old sclerotic area. 
When, too, a greater degree of degeneration has occurred or a more rapid proliferation, 
the resulting glia fibrils will run much more irregularly (fig. 359), and, especially 
round the blood-vessels, will form the tourbillons or whorls so frequently found in 
sclerosed posterior columns, and also in the lateral columns. 

The above stages may be briefly described in the following terms, which 
characterise their dominant feature :— 

(1) That of a commencing reaction of all the tissue components. 

(2) That of a glia cell proliferation and a commencing fat granule cell formation. 

(3) 

(4) That of a commencing glia fibril formation. 
(5) 
) 


ce 


Fat granule cell myelitis.” 


5) That of an advancing sclerosis. 

(6) That of a complete sclerosis. 

In Weigert sections of an area in its process of evolution it is found that, in the 
earliest stage, the low power indicates little alteration, but a higher magnification 
shows that the myelin is swollen and diffusely and densely stained, and has not the 
clear, ring-like defined character of the normal myelin sheath. In the second stage 
this is even more marked amongst some nerve fibres, while others have their myelin 
sheath broken up into a group of globules, and still others show an almost complete 
absence of myelin within the area, but many of the fat granule cells contain granular 
globules that retain the heematoxylin stain, and still other granules and even 
fragments so stained are found free in the tissue (fig. 408). In the succeeding 
stages the Weigert picture within the area is an entirely negative one. 

Marchi-stained preparations show, even in the earliest stage, traces of a com- 
mencing degeneration of the myelin of the swollen nerve fibre, and frequently 
within this can be recognised, especially in sections counter-stained with safranin, a 
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swollen axis cylinder. In the second stage the picture is very definitely one of 
degeneration in most of the affected nerve fibres, while the few fat granule cells 
present are filled with fine granules of a Marchi-staining substance, and numerous 
other cells show a commencing fat granule formation in their protoplasm. In the 
next stage the whole area is beset with large black formations—fat granule cells— 
scattered through the tissue and grouped around blood-vessels and septa (fig. 313). 
In the two succeeding stages the Marchi reaction is confined to the remaining fat 
granule cells chiefly around the vessels (fig. 315), while in the final stage the 
sclerosed tissue stains lighter than the normal, and the picture, like the Weigert one 
at this stage, is again a negative one. 

Reference must be made to the transitional zone of such an area ere its complete 
evolution can be understood. The area which served as the illustration for our 
description was a roughly triangular one, with its base to the posterior commissure 
(ef. figs. 260 and 356). This well-marked layer of dense glia tissue around the central 
canal seemed to act as a barrier to the further development of the area in this 
direction, but at its point of greatest development the two lateral sides curved 
oradually to the apex about the middle of the posterior septum. Along these lateral 
sides there was a very gradual transition to the normal tissue which bordered the 
posterior horns. In this transition zone the stages were very similar to those 
described within the area, but were later in their development, so that, for example, 
when the fibril formation had commenced within the area, there was still nothing of 
it to be seen in the transition zone. It was, however, in the two final stages that the 
transition zone was most marked, for here, long after no trace of fat granule cells 
could be recognised even in Marchi preparations, there was a well-marked peripheral 
zone of such cells, and in this zone the vessels still retain traces of fat granule cells 
in their adventitia at a stage when the central sclerosis has been long complete. 

The presence of this zone containing fat granule cells and other changes character- 
_ istic of an earlier stage of development, e.g. degenerating nerve fibres and proliferated 
glia cells, justifies the assumption that the process develops excentrically. When the 
transverse section of a sclerosed area in Marchi sections shows up lighter under low 
power than the surrounding normal tissue, and no degenerating fibres nor fat granule 
cells can be found either in the area itself or within the vessel walls at its extreme 
limit, the impression is given that the area has reached its climax of development, 
and that the process is stationary. All the products of degeneration have been 
removed, and the glia fibril formation has also reached its climax, except in the 
transitional zone, which seems also stationary. Here a nuclear proliferation is very 
evident, mostly of small round cells; the nerve fibres have a thin, faintly-staining 
myelin sheath, but not a degenerated one; and it can be seen that the glia cell 
enlargement is continued into the normal myelinated tissue around—the glia cells 
showing an enlargement of their protoplasmic processes, without any apparent 
change in myelin sheath or axis cylinder, 
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(ii) Spinal cord area—nerve fibres cut longitudinally. 


The series of drawings (figs. 1-4) and photographs (figs. 325-336 and 337-42) of 
a part of an area in the posterior columns cut in longitudinal direction almost suffi- 
ciently indicate the nature of the changes. A glance at these figures shows the two 
outstanding features of the earlier process: the development (1) of an enormous 
number of large glia cells with a wide zone of protoplasm and numerous branching 
processes which quite mask the outline of the cell body, and (2) of rows of fat granule 
cells which tend to occupy the position of the degenerated myelin tubes. The latter 
figures show (1) the gradually increasing fibril development at the expense of the 
glia cell protoplasm and processes, (2) the increasing diminution of the fat granule 
cells in proportion to the increase in fibrils, and (3) the presence of large numbers 
of axis cylinders in this fibrillar tissue. 

Here also the first change visible is an enlargement of the protoplasmic processes 
and nucleus of individual spider cells. This is closely followed by a swelling both of 
myelin sheath and axis cylinder, both of which swell out to occupy the whole space 
of the distended glia meshes, without, however, breaking through the glia reticulum 
which forms the meshes. Together with this change in axis cylinder and myelin 
sheath is an increase in the number of the normally present small glia nuclei, which 
may be seen, often in short rows, lying between the swollen nerve fibres (fig. 325). 
It is in such a section that it is possible more easily to follow the gradual increase in 
size of these cells and their development into the first fat granule cells, which lie 
closely applied to the swollen and degenerating myelin sheath. At this stage 
numerous dilated longitudinal capillaries and larger transverse and oblique vessels 
can be recognised in the affected tissue. 

The development of the large spider glia cells occurs part passu with the develop- 
ment of the small glia nuclei, and long rows of hypertrophic cells (fig. 379) of very 
varying shape may now be found, their long-branching processes passing in between 
the degenerating nerve fibres. The increase in the formation of fat granule cells 
takes place in a very close relation to the number of the degenerating fibres, and 
soon the whole tissue is composed of these rows of the two cell elements, pushed 
aside amongst which may be found very swollen axis cylinders or granular remains 
of such (figs. 1, 326, and 338). 

The stage of “ fat granule cell myelitis” has now been reached, and the description 
of the early area described under heading 2 applies to this area. The further evolution 
to the old sclerotic area described under heading 1 consists in the further development 
of the fibrillar glia tissue already described in transverse section. Here, however, it is 
much more easily recognised how the fibril formation tends to take place in a longi- 
tudinal direction. When the tubular rows of fat granular cells are fully formed, the 
glia cell processes twine around them and, when the fibril formation commences, the 
fibrils not only form between the rows, but pass in transversely or obliquely between 
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groups of three, four, or more granule cells, thus forming interlacing bundles of fibrils 
(figs. 2 and 329). In the elongated meshes formed by this interlacing there would 
seem to be a gradual compression of the granule cells, for many seem to undergo a 
eradual breaking up im situ. The nuclei become hyperchromatic and crenated, and 
the definition of the cell membrane is lost, till finally only nuclei are left with a few 
traces of vacuolated protoplasm around them. ‘These nuclei remain long in these glia 
meshes, and add to the nuclear abundance of the areas at this time. With the 
gradual disappearance of the fat granule cells the interlacing bundles of fibrils gradu- 
ally become more parallel (fig. 330) ; the glia cell nuclei diminish in volume as their 
protoplasm is differentiated into fibres ; the axis cylinders, which have survived the 
early swelling, are now more defined (fig. 331), though many are still swollen and 
weakly stained ; and, finally, the numerous vessels in the fibrillar tissue, which up till 
now have had their sheaths widened and filled with cell elements, gradually undergo 
the regressive changes already described. 

For the stage of complete sclerosis, reference may be made to the area described 
under heading 1 (figs. 3, 4, and 331-336). 

Weigert sections of such an area, during its evolution, show the successive 
changes of diffuse swelling of the myelin sheath, gradual loss of staining, and, finally, 
a negative picture with at first numerous fragments and granules, retaining the 
hematoxylin stain, scattered throughout the tissue. The transition zone is often a 
broad one on all sides, and both at its upper and lower limits it is wedge-shaped, 
the lateral margins of the wedge forming a zone in which all the changes are 
characteristic of an advancing process. If such an area undergoes complete sclerosis, 
this wedge-shaped zone shows (1) a looser structure than the central area—its fibril 
formation being not nearly so dense—and (2) a marked nuclear proliferation, of small 
and large glia cells, which extends for a short distance into normal tissue. 

Marchi sections (figs. 319-323) and frozen sections, stained with Scharlach R. 
(figs. 18-20), reveal very beautifully the gradual changes in a degenerating nerve 
fibre—the presence of fine granules and globules or small and large irregular particles. 
Those changes may take place in a portion of a nerve fibre which in its subsequent 
course stains normally and then again shows degenerative changes. At the stage of 
maximum development of fat granule cells both Marchi and Scharlach R. specimens 
show their almost tubular arrangement in the tissue, and as the tissue becomes 
cleared, the arrangement in long rows around the longitudinal vessels, and in the 
vessels, cut transversely, which reach the pia. In the latter their numbers gradually 
diminish as the pia is reached, and those that are left pass into the lymph spaces 
in the inner layers of the pia (fig. 315). In the stages of advancing and complete 
sclerosis, fat granule cells are left for a long time in the walls of the vessels radiating 
from the sclerosed area: the transition zone also shows a complete layer of such cells 
in the tissue spaces. As the process becomes stationary, these also are drained away, 
leaving the whole area and the transition zone staining lighter than the normal tissue. 
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(b) Cerebral area: e.g. in the central white matter. 


(i) Nerve fibres cut in various directions (figs. 5, 6, and 361-369). 


It is when we come to trace the evolution of such an area that we recognise how 
complicated is the resultant sclerosis. The nerve fibres, instead of running parallel 
in one direction, here run in every possible direction—not only in straight lines, but 
in curves. It is a web in which, in addition, the threads in bundles and groups of 
bundles cross each other and also curve round to cut across the longitudinal, trans- 
verse, and obliquely-running threads. Those who have studied, by means of the 
various elective stains, the structure of an area, e.g. of the central white matter, 
have realised how difficult it is to define the plexus formed even when only one of 
the structural elements is stained. When, however, in consequence of the degenera- 
tion of the myelin sheath, or of both myelin sheath and axis cylinder, their place is 
taken by a dense fibrillar tissue, which more or less follows the varying direction of 
the lost fibres, it will be seen how aptly such a tissue may be described as an 
inextricable tangle, in which the finest meshes are invisible under low power. 

Here also the first stage is one of reaction of all the tissue elements: at times it 
seems as if the glia cell enlargements were distinctly the primary change; at other 
times it is equally clear that a myelin sheath alteration, or even its complete dissolu- 
tion, has preceded the glia cell change ; and again it occurred that both changes are 
coincident. Heidenhain’s iron-hematoxylin stain is of great service in allowing 
both the change in the myelin sheath and the change in the cell elements to be 
recognised in the same section, and frozen sections were found likewise of great help 
in coming to a decision as to which was the primary tissue element involved. It 
was distinctly evident that both changes preceded any recognisable alteration in the 
vessel walls. The frequent centrally-placed vessel and all the capillaries and pre- 
capillary vessels were dilated and engorged. In Van Gieson’s stain the smallest 
capillaries are brought out distinctly, for the outer membrane of the endothelial cells 
stains intensely with fuchsin—and, in addition, a fine double contour, frequently 
present, gives the impression of a distinct adventitia or elastic coat even to these 
fine capillaries. At this stage, also, there is an increase in the small normal glia 
nuclei of the cerebral white matter, and an indication of a commencing enlargement 
of the nucleus. 

At a later stage the large glia cell proliferation (figs. 13 and 434-436) is the most 
outstanding characteristic: the rapid appearance in such large numbers of those 
large protoplasmic cells with homogeneous protoplasm and long-branching processes 
is closely related to the numerous dilated vessels everywhere present in the affected 
tissue. It would seem that it is the glia cells, which normally lie within and close 
to the peri-vascular glious sheath, which first enlarge and proliferate, and several of 
their broad processes end in the outer wall of these vessels. Closely following this 
proliferation both of the large and small glia nuclei, appear the first fat granule cells, 
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which in size and structure closely resemble those found in the cord area (figs. 13, 
361-363). These likewise develop in such profusion that soon the whole area is 
permeated by them, and under low power the tissue appears fenestrated and areolar 
—the spaces being occupied by round nucleated elements, and the intercellular spaces 
being filled by large protoplasmic glia elements whose branching processes again 
entwine around the cells. When the climax of fat granule cell development has 
been reached, Weigert and iron-hematoxylin sections indicate the almost complete 
absence of myelin within these areas; the progressive changes in the nerve fibres 
are not so easily followed as when the nerve fibres run only in one direction, but 
both Weigert and Marchi sections show the characteristic appearances of an early 
degeneration, the Weigert sections giving a myelin sheath diffusely or faintly stained, 
and the Marchi, the different stages of its disintegration. At the stage of “ fat 
granule cell myelitis” the whole area is again beset with granular cells, both in the 
tissues and in the vessel walls. Marchi preparations (figs. 68, 301) show the structure 
and arrangement of these best, but cell stains, and Marchi sections counter-stained 
with safranin, in which the fat has dissolved out of the fat granule cells—leaving the 
skeleton structure of the tissue—show best the relation to the other tissue elements. 

With the onset of the fibril formation, the walls of the blood-vessels, both within 
the area and leading from it, are even more densely packed with fat granule cells, 
amongst which may be found other nucleated elements, the result of the reaction of 
the adventitia to the cells in its lymph spaces. It must again be emphasised that 
it is areas at such a stage of development that have given the justification for 
regarding the process as developing on the basis of an acute myelitis, for the cell 
infiltration of the vessel walls and the presence of fat granule cells in such abundance 
in the tissue gives all the appearance of a softened and infiltrated area. At an 
earlier stage we have seen that the blood-vessel changes are not constant, and that 
only on the onset of the removal of the fat granule cells in the lymphatics is there 
any definite cell infiltration of the vessel wall. Later, as we shall see, the blood- 
vessel changes again recede in their prominence. Figs. 362 and 365 give a clear 
idea of the commencing fibril formation and the gradual separation of the fat 
eranule cells by the fibrils, and figs. 436 and 437 give a conception of the vessel 
changes at this stage. 

The stage of advancing sclerosis is well represented by figs. 6, 363, and 366. It 
will be seen in the low-power view that in a large area the sclerosis advances by 
no means uniformly—small areas being present in which there is an almost dense 
tissue, while others still contain numerous fat granule cells. The blood-vessel 
changes correspond very closely to those described in the spinal cord area, and will 
be more fully referred to in a later section. Weigert sections give a completely 
negative picture within the area; Marchi sections give a negative picture in the 
sclerosed parts, but the fat granule cells are well brought out in the tissue spaces 
and surrounding the blood-vessels. The further development of the fibrillar tissue, 
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at the expense of the glia cell protoplasm, and the gradual removal of the remaining 
fat granule cells, leads to the formation of a dense sclerosis, the meshes of which are 
so fine that under low power almost no spaces can be recognised (fig. 364). Within 
this area the glia nuclei gradually diminish in size and number, and, finally, they are 
fewer than in the normal tissue of the neighbourhood. Both Weigert and Marchi 
sections give a completely negative picture of such an area—the areas standing out 
clear against a dark background (figs. 292-294, 397). Glia stains, on the other hand, 
give a dense positive picture—the area standing out deeply stained against a lighter- 
stained background (figs. 398 and 401). 

The transition zone of such areas must now be referred to. Here, also, we have a 
gradual but slower evolution of the same changes as within the area, but the sclerosis 
never reaches the stage of a final, dense meshwork. In this transition zone are found 
at successive stages degenerating myelin fibres, with hyperplastic glia cells and fat 
granule cells both in the tissue and in the vessel walls—signs of an advancing process, 
which frequently remain long after the sclerosis within the area is complete. When, 
finally, all indications of myelin degeneration have been removed, the transition zone 
is markedly different from the adjoining sclerotic tissue on the one side, and the 
normal tissue on the other—from the former in the lesser degree of glia fibril forma- 
tion, and from the latter in the diminished number of myelin fibres, and the thinness 
of the ring of myelin around such as persist in this zone. Again, as in the cord 
area, there is a marked small glia cell proliferation in this transition zone (fig. 403), 
together with a few enlarged glia cells (fig. 404). The latter may also be found 
extending for a short distance into the surrounding, otherwise healthy tissue. In 
this description of the evolution, few references have been made to the persistence 
of the axis cylinders. Nowhere is the distinction more difficult to draw between 
glia fibrils and axis cylinders than in such cerebral areas—not only with the ordinary 
diffuse stains, but with Bielschowsky’s method, which here so frequently stains the 
glia fibrils—a finding which numerous writers have noted in cerebral areas. In two 
areas stained by Cajal’s method, there were found a very large number of persistent 
axis cylinders; in one case (fig. 430) the whole fine reticulum of axis cylinders and 
their branches were retained, but in three other small areas no axis cylinders could 
be found. By the diffuse stains, in numerous instances, it could be asserted that 
almost the whole axis cylinder content of the area was retained. 


(ii) Cerebral area cut in longitudinal direction of the nerve fibres 

(figs. 370-377). 
Such an area shows no essential changes from those described in the longitudinal 
direction of a spinal cord area. In my experience. the preserved axis cylinders were 
very much less numerous than in the cord. Fig. 422, taken from an area at the base 


of a medullary ray, shows the appearance presented in a specimen stained by the 
Bielschowsky method. 


THE HISTOLOGY OF DISSEMINATED SCLEROSIS. 589 


4. Other Types of Areas. 


So far the histological description has been confined to areas which may be looked 
upon as typical of a late and of a recent process respectively, and to the evolution of 
a sclerotic area, on the one hand by a gradually increasing hyperplasia of the glia, 
and on the other by stages which include the formation of a large number of fat 
granule cells. As different stages occur in the same case, and as the process by no 
means always follows the same uniform course of development, it will be evident 
that the histological picture met with is a very varied one. Yet before a com- 
prehensive view of the complete process can be obtained, it is necessary to add 
to this complicated picture a brief description of other areas—areas so frequently 
met with as to constitute types almost as definite as those already taken of an 
old and a recent process. 


(a) Areolar Areas. 


The “areolierte” areas of German writers. At first sight it would be 
natural to relate such areas simply to an arrest of the fibril formation before a 
dense sclerosis had taken place. An examination of the transition zone around 
most of the old areas, where the process has become stationary, and yet the fibril 
formation is not so abundant as in the centre of the area, would seem to justify 
this explanation. A close examination, however, shows that this cannot be accepted 
as the constitution of all such areolar tissue. Under a high magnification the glia is 
found to be often relatively unaltered, and to show only a distension of the network. 
Wide meshes are thus formed, with cells at the nodal points of the network, and 
frequently larger spaces result from the opening into each other of adjoining meshes 
by the breaking down of the glia fibres separating them. Within the meshes the 
myelin sheath has disappeared, leaving the axis cylinder at one margin, or this also 
has disappeared, and the space is empty, or contains only granular remains of 
regressively changed fat granule cells. An area of dense glial sclerosis is frequently 
quite completely surrounded by such a peripheral areolar zone, which interposes 
between it and the healthy tissue. This peripheral zone contains numerous nuclei 
and dilated vessels, with nuclear accumulations in their dilated adventitial sheaths : 
its mode of formation is to be distinguished from that of the transition zone already 
described—the latter being distinctly an arrest of the development of the fibrils 
before complete sclerosis had occurred, while this areolar zone around a compact area, 
and the areolar areas described in this paragraph, are to be traced in all probability 
simply to an acute and rapid degeneration of the nerve elements, with a distension of 
the original glia meshes before fibril formation had occurred. In the spinal cord 
such a distension of the glia meshes, swelling of the myelin, and distension of the 
adventitial lymph spaces of the vessels, extends sometimes over the whole transverse 


section of the cord. At other times at the periphery of the cord we get a widening 
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of the glia meshes. This is only in small part due to the retraction under the 
influence of hardening agents. The abnormal dimension of the interstices points to 
the presence of liquid in excess in the tissue. A primary degeneration of the nerve 
elements, at least of the myelin sheath, as an explanation of “ areolar” areas, has been 
assumed by those who see in such areas a proof of the change in the myelin sheath as 
the essential and primary feature of disseminated sclerosis. It is not denied that later, 
if there is time, a proliferation of the glia may be associated. On the other hand, 
RepuicwH and others see in “ areolar” areas a process quite distinct from the essential 
substratum of a typical sclerotic area. 

It must here be added that very large numbers of the areas found in all the 
cases, especially cerebral areas in which the process was quite stationary, as far as 
the degeneration of the myelin at the periphery was an indication, showed under 
low power a much less dense sclerosis than that described as compact sclerosis. In 
such areas fat granule cells were absent both from the tissue spaces and the vessel 
walls; Marchi and Weigert sections also gave a completely negative picture, but cell 
stains and glia stains showed that numerous large, multi-nucleated glia cells were still 
present, and that each was the central point from which a marked fibril formation 
radiated. This fibril formation, however, had not been sufficient to form the inex- 
tricable tangle of the denser areas, and yet was quite distinct from the simple 
distension of original glia meshes of the areolar areas (figs. 367, 368). We thus 
draw a sharp distinction between these two forms, which have both received the 
name of “areolar” areas, and reserve this name for the areas in which the original 
‘areolar zone” for the zone 


¢ 


glia meshes are retained or distended, and reserve 
sometimes found around compact areas, which has a similar structure. 


(b) Peri-vascular Sieve-like Areas. 

Non-myelinated areas are frequently found, especially in the brain, in which 
large open spaces are met with around all the vessels found within the affected 
area. The wall of this space is, on the side of the nerve tissue, represented 
by a dense ring of glia fibrils, often with very few nuclei. The walls of these 
vessels seem often little modified: they may be slightly thickened and infil- 
trated, but the essential change is a separation of the constituent elements of 
their adventitial sheath so that the connective-tissue fibrils stretch across and 
form a very wide-meshed reticulum between muscle coat and condensed glia 
(figs. 448-450). Within these meshes a fine coagulum (fig. 441) is frequently 
found, together with a few cells, often containing pigment or the remains of fat 
granule cells. The vessels thus affected lie together in groups, and give the tissue 
a sieve-like character, which, when advanced, has been termed “l'état criblé.” The 
impression is received that it is the branches of one vessel stem (fig. 448) that are 
concerned in this change. Around each vessel the myelin fibres are dissolved, the 
glia meshes are widened, and both large and small glia cells are proliferated 
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(fig. 449), and the areas affected, around each vessel, usually coalesce to form a 
more or less large irregular non-myelinated area. Frequently half the vessels 
affected lie within non-myelinated tissue, and half within tissue in which the 
myelin as yet stains normally (fig. 450). Borst considered that these areas are 
the result of a circumscribed peri-vascular lymph congestion and that they are 
a pre-stage of areas of true dense sclerosis, which, he considers, develops on the 
basis of a lymph stasis in the tissue. 


(c) “ Markschattenherde.” 


As a rule, at least at the commencement of the process, sclerotic areas have 
a very limited longitudinal and transverse extent. This characteristic has 
given to the disease the name “insular sclerosis,’ because the areas appear 
isolated. We have seen, however, that areas frequently coalesce on one or 
several sides, and the original outlines are quite indistinct. In addition to this, 
there are often found between individual non-myelinated areas, extensive patches 
which, with Weigert staining, show a weak staining of the myelin. The fibre 
bundles are distinctly perceptible and yet scarcely stained: this is well brought out 
on longitudinal sections, where it is seen that the fibre layers correspond in 
arrangement and position to the normal bundles, and one can recognise the 
immediate transition of normal fibres into those with deficient staining. Such 
areas, in which the myelin sheaths are simply shadows or very thin, adjoin areas 
of complete demyelination, and may involve the whole transverse section or the 
longitudinal section over several segments. ALZHEIMER looks upon this deficient 
staining as a condition of the myelin sheath antecedent to degeneration. Marchi 
staining sometimes gives a very extensive early degenerative process, and there 
may be an equally extensive commencing glia proliferation. Yet this change may 
sometimes indicate a simple atrophy which results in a progressive reduction of the 
volume of the sheath without affecting the remaining myelin. The process might 
then be looked upon as a slumbering one, and not necessarily immediately antecedent 
to degeneration. In the former case the glia proliferation would be more abundant, 
as the slow, chronic stimulus would be more likely to lead to a greater reaction in 
the interstitial tissue. Thus VoscH has described areas in which there was a very 
extensive “ Aufhellung” of the myelin sheath, which was associated with an equal 
or even greater degree of glia hyperplasia—a condition which he has termed “ diffuse 
multilocular sclerosis.” 

It may finally be noted that in Marchi sections there was frequently found, 
extending outside the sclerosed areas uniformly over the whole transverse section 
of the cord, an early myelin sheath degeneration. This could be noted even in 
the nerve roots and must, probably, be traced to the septic fever from which the 
patients suffered, 
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(3) HisrotocicaL CHARACTERISTICS IN SPECIAL SITUATIONS. 


1. White Matter. 


This has already been fully considered, as the areas described in the previous 
sections were all in the white matter of the brain and cord. 


2. Grey Matter. 
(a) Central Grey Matter. 


Where the sclerotic process affects the grey matter of the spinal cord and the 
corresponding nuclei of grey matter in the medulla oblongata and pons, we find that 
the changes in their evolution correspond very closely to those in white matter in 
which the nerve fibres form a reticulum. 

The myelin network quickly disappears, and in its place we get a thickened glia 
reticulum with large meshes and numerous hypertrophied glia cells. These spider 
cells, with relatively numerous processes, varying in length and thickness, give rise 
to a fibril formation analogous to that already described—the resulting meshwork 
being very close. The formation of fat granule cells is always much less marked 
than in the white matter; their size is smaller and the structure of their granules 
more delicate. This corresponds to the lessened quantity of myelinated fibres in 
the grey matter, but the process of their formation, the absorption of the degenerated 
myelin, their presence in the glia meshes, and their gradual removal in the lymphatic 
spaces of the vessels is quite similar to that elsewhere. The vessels passing from the 
borders of the grey matter into the white matter form often radial lines, the 
commissural vessels and the vessels in the anterior median fissure als take their 
share in this removal of degenerated products. 

The ganglion cells in this reticulum seem to remain long preserved (fig. 417), and 
in this investigation changes, which could be distinctly traced to the sclerotic 
process, were found only when an advanced degree of sclerosis had been reached 
(fig. 419). The cells undoubtedly remain long with their normal form and minute 
structure preserved. The processes first lose their structure and, as the sclerosis 
becomes denser, the cell bodies share in this change. In the later stages they show 
all the possible changes which are traceable to a slow simple atrophy from loss of 
function (fig. 409) or from compression on the part of the developing cells and fibrils 
of the interstitial tissue (fig. 419). Diffusely extensive changes in the ganglion cells 
(fig. 411) should probably be referred to somatic general disturbances which accom- 
pany the disease, e.g. the fever, anzemia, exhaustion, or direct septic absorption from 
bed-sores or a pyelitis, and can thus not be looked upon as specific to disseminated 
sclerosis. In numerous affected segments which microscopically showed complete 
demyelination, many of the ganglion cells showed no changes—completely normal 
cells being found alongside those with marked chromatolysis or atrophy. 
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As the glia reticulum becomes denser and encroaches more and more on the 
ganglion cell processes and cell body, there takes place a gradual atrophy of the cell 
(fig. 415). For a long time an atrophic, rounded or oval cell, with no processes and 
no chromatophile granules and usually without nucleus, may be recognised (fig. 418). 
But gradually this faintly or diffusely staining body can no longer be recognised as a 
cell, and this dense tissue consists of the deeply-staining glia nuclei and the abundant 
delicate fibrils (fig. 419). 

It is frequently stated that sclerotic areas are never found solely in the grey 
matter, but that these are always extensions from sclerosis of the white columns. 
In serial sections, however, it could be proved that small sclerotic areas may be 
confined, throughout their whole longitudinal extent, to the grey matter. An 
affection of the myelin reticulum around and between one or other group of cells 
(figs. 137 and 155) has frequently been the sole trace of demyelination in many 
sections of the lumbar cord. A peri-central sclerosis (fig. 197), limited at first 
entirely to the commissures, is often the starting-point of an extension into each 
anterior and lateral horn. The spread may take place forwards along each lateral 
margin of the anterior fissure or posteriorly along the posterior median septum as a 
central line, or the extension may be along all of these planes, giving rise to a 
cruciform area of sclerosis, which in its further extension may involve the whole 
transverse section, leaving sometimes four lateral and symmetrical peripheral 
areas situated near the posterior and anterior roots respectively (fig. 210). 

Undoubtedly, however, the affection of the anterior horn of grey matter of the 
cord starts very frequently from the extension inwards of an area of sclerosis situated 
at the margin between white and grey matter (fig. 241). In the transition of an 
area from grey to white there is such marked glia proliferation that the transition 
can no longer be recognised. Mixer looks upon this border line as an area in 
which the glia is more fully developed: this is certainly so in the region of the 
formatio reticularis, which is the most frequent site of development of a gradually 
increasing glia hyperplasia. The development of areas at this transition zone has 
been explained by other writers with reference to the breaking up of both central 
and peripheral vessels, and it is not difficult to trace the direct passage of a lateral 
vessel to such an area (figs. 241 and 253), or of thickened commissural branches 
passing to areas in the lateral and anterior grey matter. 

The definition of the area in the grey matter was never a sharp one: the nerve 
fibres of the reticulum passing into the area for very varying distances (fig. 412). 
It was also found that where an areolar zone surrounded an area which involved both 
white and grey matter, it ceased almost abruptly at the transition and was never 
present in the grey matter. 

When sclerosis affects the cranial nuclei, as is so frequently the case, the process 
may again be confined to the grey matter, but this is rare, and it is much more often 
an extension of a process which involves the floor of the IVth ventricle. The 
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histological characters in no way differ from that just described. Fig. 417 shows 
an involvement of the hypoglossal nucleus. 

Sclerosis of the olivary bodies and of the dentate nuclei leads to a gradual 
thinning of the lamelle. In numerous specimens there is present a very advanced 
degree of sclerosis of the fibres entering at the hilum and passing to the grey matter 
before there is any noticeable involvement of the glia reticulum of the lamelle, 
unless these are involved in a general extension inwards from the surface of the 
medulla or ventricle. The ganglion cells (fig. 375), as far as it was possible to 
interpret their changes, seemed to undergo a gradual and uniform structureless 
appearance, and to retain a deeply-staining nucleus till the cell body was almost 
completely atrophied. 

Numerous areas at all stages of development were found in the basal ganglia 
(figs. 265-267). In the evolution of these areas there is little distinctive to be 
added. The numerous bundles of parallel nerve fibres which pass through these 
ganglia and intersect each other frequently give to the resulting glia reticulum a 
more uniform appearance over short stretches. It was also noted that im such areas 
it was possible to prove how the process advanced without any relation to any 
conducting tract of fibres, and simply involved the immediately adjoining tissue 
bundles in whatever direction they ran. It was found impossible to relate any 
specific changes in the ganglion cells to the sclerotic process: these underwent a 
gradual atrophy as the fibril formation became closer. Very large and very 
numerous spider cells were found in all the early areas, and the fibril development 
was a very close-meshed one, the sclerosed tissue being formed by a web of very 
closely arranged fibrils oriented in all directions. The special changes in the 
branches of the lenticulo-optic and lenticulo-striate vessels will be considered later. 


(b) Cortical Grey Matter. 


It is now well recognised that the cortex is affected in disseminated sclerosis. 
Before the introduction of the Weigert medullated sheath stain, such areas were often 
overlooked, and by many their existence was denied. Two deductions may be drawn 
from this circumstance : the one, that cortical areas are difficult to recognise except 
with a medullated sheath stain; the other, the completement of the first, that the 
glia, axis cylinder, and cell changes in the cortical areas are very slight. Both 
deductions are, in my experience, justified. A very large number of portions of 
tissue from the cerebral convolutions, in which macroscopically—after fixation in 
formalin or after mordanting in bichromate—cortical areas could be distinctly made 
out, were taken through both for celloidin, paraffin, and frozen sections. In only a 
small proportion of these could the demyelinated area be recognised in cell stains, 
even after the most careful comparison with the control Weigert or iron-heema- 
toxylin-stained section. The cortical portion, which showed a complete absence of 
myelin (figs. 298, 385), seemed to show no other change related to the process of 
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disseminated sclerosis. In comparison with the adjoming cortex on either side, with 
the cortex of adjoining convolutions, or with the cortex of an altogether different 
portion of the hemisphere, there seemed to be no change in the ganglion cells, glia 
cells, or axis cylinders. Yet there were many areas in which recognisable alterations 
in these structural elements in the demyelinated area did occur (figs. 299, 386-396), 
and it is these which will now be described. It has seemed impossible to reach any 
explanation of why certain areas showed changes and others did not do so. 

Minute areas were found in all the layers of the cortex, but before referring to 
these it will be simpler to trace the changes in an area which passes over from the 
subcortical white matter into the cortical layers. The earlier writers, as we have 
seen, asserted that this transition never occurred, and that the grey matter formed a 
barrier to the extension of the process. Sections stained with Weigert’s glia method 
were largely responsible for this statement, for such preparations showed an almost 
abrupt cessation of the glia fibril formation at this border, and recent writers 
emphasise the complete absence of a glial sclerosis as one of the essential character- 
istics of a cortical area. Is, then, the process that attacks the cortex different in its 
nature and origin from that which affects the rest of the central nervous system ? 
Those who see in disseminated sclerosis a primary proliferation of the glia must 
admit that in the cortex, at all events, this is not the origin of the process, and that 
a primary degeneration of the myelin sheath is often the sole change. The examina- 
tion, however, of a very large number of sections from very numerous areas in 
several cases, by means of the Heidenhain iron-hematoxylin method, both in celloidin 
and paraffin and frozen sections, and a comparison of such sections from the same 
block of tissue, stained by Ford-Robertson’s methyl-violet method, Scharlach R., 
Bielschowsky’s silver impregnation method, and the routine diffuse stains, has led 
to the conclusion that, while a fibril formation in the layers of the cortex is propor- 
tionate in its development to the normal glia fibril content of the layers, a change in 
the glia cells and fine glia reticulum of the cortex is very closely related to the loss 
of its myelin fibre content. 

In the area represented in fig. 286 it is seen that the absence of the myelin 
affects a portion of the medullary white matter and the radiating fibres in the 
cortex. The demyelinated tissue is roughly wedge-shaped, with its broad apex in 
the white matter and its base on the surface of the convolution. Its outline is clearly 
defined from the surrounding radiating fibres. The great majority of areas in which 
changes in the cortical layers were found in association with subcortical changes were 
in the condition of recent areas. The structure of that portion in the white matter, 
therefore, was similar to that described under heading 2. The enormous spider cell 
proliferation and fat granule cell formation attained, at this transition border (fig. 
389), its maximum intensity, and passed over into the deepest layers of the cortex 
so that the border could no longer be recognised. Specially prominent was the 
development of the glia cell processes which attached themselves to the walls of the 


596 DR JAMES W. DAWSON ON 


capillaries and pre-capillary vessels (fig. 436). Hach of these was surrounded by 
rings or layers of fat granule cells, and to the outermost of these the glia cell pro- 
cesses formed almost a radial arrangement. Hach ganglion cell in the stellate layer 
and inthe layer of the deep pyramids was in a condition of marked degeneration and 
atrophy. Many were mere ghost-like forms with no structure; in others only the 
large nucleus remained, and still others were replaced by nests of small round cells 
from five to ten in number (fig. 381). The whole tissue of these deeper layers was 
so crowded with the two proliferated cell elements, large glia cells, and fat granule 
cells, and with the numerous dilated small vessels, that the ganglion cells were 
almost lost sight of. Where the area involved, as in fig. 387, the Betz cells, these 
also were found to show all stages of degenerative change, and many of them had 
disappeared. The changes gradually receded in intensity as the upper limit of the 
deep pyramids (figs. 392, 395) was reached: the cells in the granular layer were 
found to be surrounded by nests of small round cells (fig. 393), but here the glia 
spider cell and fat granule cell formation was very limited. The fat granule cells 
present had also a finer structure than that in the deeper layers (fig. 396). 

The intensity of the process gradually lessened as the upper layers of the cortex 
were reached. Amongst the large pyramids were found still a large number of pro- 
liferated glia cells, but now the processes of these were of a fine, almost uniform 
calibre, and reached a very long distance from the small nucleus from which they 
radiated. Marchi sections showed a very characteristic appearance in these layers. 
All the satellite cells, which are normally round and have no visible protoplasm, were 
found to have developed a protoplasm cell body, of various shapes, often spindle- 
shaped and star-shaped, and to surround with their processes the ganglion cell 
(fig. 396). Their protoplasm was studded with the minutest black granules, and 
transition forms could be traced between those surrounding the ganglion cell and 
rounder forms lying free in the tissue spaces or in the sheaths of the larger vessels. 
The finest capillaries were surrounded by similar granular cells of varying shapes, 
which had evidently arisen from the rows of small round cells which in these cortical 
layers normally surround the capillaries. It is to these cells and to the very similar 
round cells in the white matter that Forp-Roperrson has given the name mesoglia 
cells, and to which he attributes phagocytic properties. Of their phagocytic char- 
acter their protoplasm, loaded with fine fat granules, is a direct proof. Here also the 
fine uniform processes of the glia cells have a very intimate relationship to the 
vessels, especially to the very abundant capillary plexus in this region. When we 
reach the surface layer we find again a very abundant development of glia cells, 
many of which are multi-nucleated and in the process of fibril formation. Diffuse 
stains—for here specific axis cylinder stains failed—showed that numerous axis 
cylinders could be recognised, but that very many had perished in the dense 
zone of reaction. 

To sum up briefly the changes in a recent combined subcortical and cortical area, ’ 
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it is sufficient to emphasise these related to the glia cell and fat granule cell develop- 
ment, for the myelin sheath and axis cylinder changes do not differ from those 
in other areas. In the transition from white matter to cortex the deepest layer of 
the cortex is no longer recognisable (figs. 388-390). In the layer of the deep 
pyramids (fig. 392) and Betz cells (fig. 387) both glia cell proliferation and fat 
granule cell formation are still very marked: from the granular layer upwards, 
however, the intensity of the cell reaction is much less. Nests of small round cells 
are found around nuclear remains of atrophied ganglion cells (fig. 393), and around 
others and around the capillaries is found a fine fat granule formation in the satellite 
cells (fig. 396), together with a very delicate glia fibril formation, which requires the 
highest magnification to recognise. In the marginal zone there is again a marked 
glia cell and fibril reaction. 

If the evolution of such an area be followed, it is found that in the white matter 
and deepest layers the process often follows the lines one would expect from the 
presence of the large, protoplasmic, potential fibril-forming glia cells. This sclerosis 
extends to involve the deepest layer of the cortex. Above this, in the layer of deep 
pyramids and Betz cells, the glia cell nuclei are left as the nodal points from which 
radiate a glia fibril formation which is insufficient to cause sclerosis; the fibrils, 
however, merge into a very delicate reticulum, which may be the syncytium claimed 
by Hetp to form the groundwork of the cortex. In the superficial layers of the 
cortex the long, uniform, delicate processes of the glia cells also unite with this 
reticulum, and in the surface layer the proliferated glia cells form fibrils which extend 
downwards—also to merge with the syncytial reticulum. 

The ganglion cell changes in relation to these areas will be taken up under the 
heading of ganglion cells. 

When an area is confined to the cortex, the changes are, as a rule, not nearly so 
marked, especially those in the deepest layers. The demyelination may reach from 
the surface of the convolution to varying depths (cf figs. 269, 273), even to the 
border between cortex and white matter. It may lie wholly within the cortex and 
cut through a portion of the radiation or simply affect Baillarger’s stripe. These 
areas are often in association with a markedly dilated vessel which penetrates from 
the surface almost to Baillarger’s stripe, and a number of dilated changed smaller 
vessels lie within the area. Marchi sections of such areas show that the myelin 
sheath is not attacked as a whole: the black staining gradually increases to involve 
the whole myelin ring, and the axis cylinder shows by its swelling a distinct partici- 
pation in the process. The ganglion cells in such areas show everywhere nests of 
glia cells around them: these changes are by no means confined to the actual 
demyelinated area, but are more marked there than elsewhere, and most 
constant in the granular cell layer (fig. 393). The glia cells in the layer of 
the deep pyramids show the changes represented in figs. 392, 395—a marked 
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sclerosis. In the layer of stellate cells (figs. 391, 394) also there are the same 
changes with a more marked disappearance of the ganglion cell bodies, leaving only 
nuclei surrounded here and there by nests of cells. 


3. Peri-ventricular Sclerosis. 


This special localisation, noted by Cuarcor, Borst, SrrAHUBER, WESTPHAL, and 
others, has been emphasised as the dominant feature in the cases reported by 
LHERMITTE and GuccIONE, MERLE and Pastine, and also by Scuos. It is of special 
interest in relation to the pathogenesis of disseminated sclerosis, and at once raises 
the question whether the development of the peri-ependymal areas may not be 
conditioned by the presence of the causal agent in the cerebro-spinal fluid itself. In 
horizontal sections through the cerebral hemispheres, there was frequently found a 
sclerosis which, macroscopically, seemed limited to the walls of the ventricles (figs. 
200, 201), and very numerous sections at various levels were studied to determine 
the exact limits of this alteration, in what it consisted, and whether the apparently 
isolated areas in the adjoining grey nuclei or white matter were really offshoots from 
the areas on the ventricular surface. In all the cases which showed a peri-ventricular 
sclerosis, this was much more marked around the horns, especially the posterior horn 
(figs. 28, 24), but sections cut at lower levels, e.g. through the temporo-sphenoidal 
lobe (fig. 29), horizontally or sagittally, showed the almost equally marked involve- 
ment of the descending horns on both sides, and sections of the hemispheres cut at 
levels immediately above the corpus callosum showed large round isolated areas in 
the central white matter, some of which, in serial section, proved their connection 
with the sclerosis of the roof of the lateral ventricle (figs. 25, 26). It is thus seen 
that not only were the walls of the ventricle involved, to a varying degree, through- 
out their whole surface—lateral walls, horns, floor and roof,—but that this sclerosis 
extended inwards from the ventricular surfaces, forming a zone from one-half a 
centimetre to 1 centimetre broad in the adjoining grey nuclei or white matter. 
Further, that from this zone at numerous points processes—sometimes finger-like, 
sometimes cup-shaped—passed deeper into the surrounding tissue. Such areas 
appeared naturally, in some sections, isolated from the peri-ventricular sclerosis or 
attached to this by a narrow neck, in which often lay a central vessel with walls 
changed according to the degree of sclerosis reached. 

Horizontal sections through the hemispheres at Pierre Marie’s coupe d’élection, or 
immediately above or below this level (figs. 23, 24; 70-73; 93-96), showed that the 
occipital horn was surrounded by a hood of changed tissue, macroscopically greyish- 
white and gelatinous (fig. 200), or of a whitish-yellow colour and softer consistence. 
From the point of this hood the sclerosis is prolonged in a series of small elongated 
or rounded areas towards the posterior extremity of the occipital lobe, involving the 
optic radiations, the inferior longitudinal fasciculus, and the tapetum at several 
points, and in some cases involving the medullary rays and cortex of the convolu- 
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tions of the calcarine fissure. The sclerosis of the anterior horns is less marked, but 
is also prolonged in the direction of the frontal lobe, and laterally involves the 
lenticular nucleus and the cortico-pontine fibres. Between these two horns the 
thickness of the sclerotic tissue varies greatly at individual levels—sometimes the 
lateral walls of the ventricle are scarcely involved, again there may be a sinuous 
narrow margin along its whole extent, and again the outer border at parts may be 
half a centimetre broad, with well-marked processes extending into the grey nuclei 
and adjoining white matter. The fornix and the corpus callosum, on the ventricular 
surface both of the splenium and genu, were also involved, and isolated areas were 
also found in both, which seemed to have no connection with the ventricular border. 

Horizontal sections near the roof of the ventricle usually showed an involvement 
of the entire surface extent of the ventricular walls, with well-marked pouches 
passing inwards into the corpus callosum on the one side and the central white 
matter on the other (fig. 26), and also passing upwards. One such area above the 
roof of the ventricle (fig. 25), three-quarters of a centimetre in diameter, was traced 
not only to its connection with the roof sclerosis, but upwards till it gradually 
diminished and broke up into a series of smaller areas. In this large area there 
was no one central vessel, but a large number of dilated vessels—arteries, veins 
and capillaries—with their walls all filled with fat granule cells. The tissue was very 
soft and fell out in the large celloidin section; in the bichromate it had appeared 
chrome-yellow in colour and much lighter than the surrounding white matter. 

Horizontal sections through the temporo-sphenoidal lobe (fig. 29) on both sides 
showed that the sclerosis of the descending horn was very marked, and below the 
floor of the ventricle it had extended to involve almost the whole of the adjoining 
white matter, reached into almost every one of the medullary rays passing off from 
this, and that there were also numerous areas in the cortical grey matter in close 
relation to the affected medullary rays. Sagittal sections through the temporo- 
sphenoidal lobe in other cases gave a very instructive picture of the extension 
outwards of the ring of peri-ventricular sclerosis into each medullary ray and of the 
very frequent involvement of the white matter of the hippocampal convolution, of 
the fimbria, and of the gyrus dentatus. 

The ventricles, in most of the cases, were not dilated: their walls also were 
smooth, and presented neither granulations nor glandular indentations. In one case 
(figs. 70-73) the lateral ventricles were very dilated, and the outline of the sclerosis 
between anterior and posterior horns was so irregular and passed on both sides so 
deeply into the optic thalamus, in which were also numerous apparently isolated 
areas, that the substance of the optic thalami, the internal capsules, the lenticular 
nuclei and external capsules presented a moth-eaten appearance. In one case 
especially (fig. 201) the numerous veins in the sub-ependymal glious tissue, especially 
near the posterior horns, were macroscopically outlined on the ventricular surface 
by a gelatinous, deeply-stained zone, and, microscopically, it was found that this 
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corresponded to a zone of denser sclerosis—the vessels, however, in which had dilated 
adventitial sheaths filled with very numerous cellular elements. Only one distinct 
ependymal granulation (fig. 455) could be found throughout the whole investigation : 
this consisted of a dense mass of deeply-staining glia nuclei and glia fibrils. The 
ependymal epithelium over it and over the whole sclerotic tissue in general, was 
retained and apparently normal—any apparent proliferation of epithelial cells could 
be traced to the oblique level of the section. 

The histological structure of the peri-ventricular areas need not be entered into 
in any detail. Weigert sections showed the complete absence of myelin in the areas 
at all stages—the preserved nerve fibres passing into the areas were very tortuous 
and varicose. Marchi preparations (figs. 181, 308) again gave the long rows of fat 
granule cells in the tissue spaces and around all the blood-vessels, especially around 
the groups of venous vessels at both posterior and anterior horn: the branches of 
these vessels could be traced for long distances towards both occipital and frontal 
poles, and similarly numerous vessels could be traced into the lateral peri-ventricular 
tissue. The closely arranged longitudinal fibres of the corpus callosum (fig. 307) 
showed beautifully the tubular arrangement of the fat granule cells, the rows of 
enlarged spider cells, and the gradually increasing dense longitudinal fibril formation. 
Both Cajal’s and Bielschowsky’s methods and diffuse stains showed the very large 
number of retained axis cylinders. When the immediately sub-ependymal tissue had 
reached the stage of dense sclerosis, it presented an extremely close fibrillar web, 
poor in nuclei—the fibres mostly parallel to each other, parallel to the direction of 
the normal nerve fibres. Numerous dilated vessels twined in this fibrillar tissue. 
Before the onset of this advanced sclerosis the glia meshes were often very elongated 
and rarefied (fig. 376); the glia cells were markedly drawn out in a longitudinal 
direction, and showed often a nucleus at each pole, and a sheaf of fine fibrils passing 
from each pole of the cell to interlace with similar bundles of fibrils. 

In the zone of unaffected tissue around the ventricle it was found that there was 
frequently a proliferation of the sub-ependymal glia cells. But such areas sometimes 
showed a lighter staining of the myelin: similar “shadow” areas often united wholly 
demyelinated areas of the lateral wall or extended inwards from them. It could 
thus be assumed that the originally primary areas became fused by these transition 
areas becoming wholly demyelinated, till the whole ventricular surface was affected. 

Around the aqueduct of Sylvius and around the floor of the fourth ventricle and 
its lateral angles (cf. figs. 76-82) the degree of sclerosis was often very marked. 
The extent of this in individual cases is well brought out in the very numerous 
figures taken from Weigert sections, and is more fully described elsewhere in the 
individual cases. Its structure was everywhere on similar lines. The final web 
formed was simply an exaggeration of the closely arranged fibrils, which are 
normally oriented in all directions. The involvement of the cranial nuclei in this 
extension has been also elsewhere described, 
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4. Changes in Nerve Roots and Meninges. 
(a) Optic Nerve. 


The optic nerve and olfactory lobe must, embryologically, be looked upon as 
parts of the central nervous system. They therefore contain neuroglia, and must 
be considered apart from the other cranial nerve roots. The olfactory lobe was 
examined in only two of the cases: both peduncle and lobe in each case showed 
distinct signs of demyelination. Owing to the extreme flattening of the tissue before 
embedding, it was found impossible to get very satisfactory preparations, and only 
Weigert and Van Gieson stained sections were examined. 

The optic nerve, chiasma, and anterior portion of the tract, investigated in seven 
of the cases by numerous staining methods, in every instance showed marked 
involvement. In one case Weigert sections, both longitudinal and transverse, 
showed complete absence of myelin in the whole of the intra-cranial course of both 
optic nerves, and the chiasma was similarly degenerated. Figs. 64, 65; 100, 101; 
163,165; 225; 431,432; 444 show the degree of myelin involvement in six separate 
cases: the chiasma, as will be seen, was the site most frequently affected, and the 
first evidences were manifested in its anterior border. In one case the optic tract 
on both sides was cut in celloidin sections from the chiasma to the corpora geniculata 
interna, and both showed a very characteristic discontinuous degeneration: the 
degeneration in the chiasma passed into both optic tracts and then ceased—to begin 
again at a point midway in its course. Weigert counter-stained sections brought 
out very beautifully the advanced septal and blood-vessel change which accompanied 
the sclerosis in the optic nerves (fig. 444). Van Gieson sections showed that this had 
commenced in a proliferation of the fine connective tissue elements between the nerve 
fibres, and that this active proliferative process had then extended to the larger 
septa and the inner layers of the optic sheaths. The glia elements had shared in 
this reaction, and there resulted rows of large protoplasmic glia cells with long 
branching processes. Later, the glia fibril formation seemed almost masked by the 
great connective tissue increase, which the very numerous blood-vessels of the septa 
had shared. The degeneration of the myelin sheath appears to take place very 
rapidly, and long tubular rows of fat granule cells are found in Marchi sections 
(figs. 64, 65): the mode of their removal in the blood-vessel lymphatics is in every 
way comparable to that in the central nervous tissue. RepiicH and others have 
noted the long persistence of the axis cylinders in the optic nerve sclerosis. In one 
ease, macroscopically, there was very evident involvement of the optic chiasma and 
nerves : they presented a completely gelatinous, almost transparent, appearance, and 
yet Cajal-stained sections showed an almost complete preservation of the axis 
cylinders in nerves, chiasma, and tract (figs. 431, 432). 

The characteristics of the areas in the optic nerves and chiasma are therefore 
related to the presence of both glia and connective tissue interstitial elements, for 
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both are affected. The sclerotic areas in these regions are amongst the most constant 
appearances in disseminated sclerosis, and may be related to the early eye changes 
so frequently found clinically. 


(b) Changes in the Nerve Roots, Cauda Equina, and Peripheral Nerves. 


Changes in the nerve roots are comparatively seldom referred to in the literature 
of disseminated sclerosis, and where noted they are usually described as insignificant. 
DINKLER, however, in one case found the whole of the spinal cord roots thickened 
near the cord; ScHos, in addition to fibroma-like thickenings of the nerve roots, 
describes discontinuous areas of myelin degeneration in non-glious containing tissue, 
and STRAHUBER and MarsureG have reported similar findings. These areas contained 
a connective tissue proliferation of the endoneurium and a proliferation of the 
Schwann’s sheath in place of a neuroglia sclerosis. In one peripheral nerve similar 
discontinuous areas were found. 

In this investigation the nerve roots in only one case were systematically 
examined in longitudinal section, but in several other cases portions of the nerve 
roots remaining attached to the cord segments (figs. 125-128; 240) reached the 
length of one-half centimetre, and in other cases very numerous ganglia (fig. 227) 
were examined with nerve roots attached, and in most of the cases the cauda equina 
(fig. 92) was examined in longitudinal sections extending from two to three centi- 
metres. In the frequent neuroglial involvement of the intra-medullary portion of the 
cranial nerves, the extra-medullary portion seldom shared. The loss of myelin or 
the deficient staining of the myelin extended often for a short distance into the nerve 
roots, and then these resumed the normal staining. The extent of this demyelination 
and neuroglial involvement of the nerve roots varied greatly, and it was looked upon 
as proportionate in extent and form to the varying degree in which the glia normally 
passed into the nerve roots. In the spinal nerve roots, however, especially in the 
posterior roots of the lumbar cord, this limit was frequently overstepped, and small 
circumscribed areas of neuroglial sclerosis were found, as if the glious zone had 
extended far into the normally non-glial portion of the root (see figs. 263, 264). 
Serial sections showed that these areas were very minute and that the axis cylinders 
passed through them. 

In addition to these small areas of sclerosis, there were frequently found in the 
fibres of both cranial and spinal nerve roots three other types of changes: (1) a 
“shadow” staining of the myelin in the central 


¢ 


diffuse change comparable to the 
nervous tissue ; (2) a definite secondary degeneration of isolated fibres or groups of 
fibres (fig. 451), related probably to the loss of the axis cylinder in a sclerotic area; 
and, finally (3), in Marchi sections, as already mentioned, the nerve roots shared in 
an early degree of myelin degeneration, which affected the whole transverse section 
of many cord segments—a change which is probably related to the presence of a 
terminal infection, Orr and Rows have demonstrated the evidence of a continuous 
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flow of lymph upwards along the nerves, the main current of which lies at the 
periphery of the nerve immediately under the fibrous sheath. It was presumable, 
therefore, that we ought to find in the cord of cases in which some septic focus 
existed, e.g. bed-sores or an extensive pyelitis, lesions of the posterior columns, 
caused by toxins ascending in the lymph stream. The evidence for this was care- 
fully sought for, but the lesions were already so extensive—and the terminal infec- 
tion, if this were the cause of the general myelin degeneration, affected the whole 
transverse section, including the attached nerve roots—that no conclusion could be 
come to on this point. 

Two points of interest may be added: (1) that the intra-medullary portions of 
both anterior and posterior nerve roots seemed frequently to withstand the sclerotic 
process much longer than the white matter through which they passed, and (2) 
fig. 250 indicates how normal nerve roots may be attached to a segment of the cord 
entirely deprived of myelin, and figs. 452, 453 that a similar condition of the nerve 
bundles of the cauda equina may exist though the whole lumbo-sacral cord shows, 
in Weigert sections, complete sclerosis. In both the longitudinal section (fig. 90) 
and at every level of the cord from which fig. 92 was taken, Bielschowsky prepara- 
tions showed an almost normal number of retained axis cylinders (fig. 427). The 
posterior root ganglia related to numerous segments were investigated. 

In only one case (L. W.) were the peripheral nerves examined. In both Marchi 
and Weigert preparations, both transverse and longitudinal, from two levels, at least 
5 centimetres distant from each other, showed a complete absence of early or late 
degeneration in the following nerves: popliteal, peroneal, and median on both sides, 
and the right sciatic (fig. 454). In the left sciatic nerve, however, there was a 
distinct Marchi degeneration (fig. 324). 


(c) Changes in the Meninges. 

Borst has described, in all the four cases examined by him, adhesions and 
thickenings of the cerebral and spinal cord membranes. The significance ascribed 
by him to these changes is of great importance in relation to the pathogenesis of 
disseminated sclerosis, and this subject will be more fully dealt with when con- 
sidering general changes in the lymphatics. A few histological details may, however, 
be given here. In uncomplicated cases the meninges were found almost normal : 
the pia was frequently slightly thickened, contained a slight increase of cells, and 
the pial vessels showed changes very similar to those within the sclerosed tissue. 
In the earlier stages the vessel walls and inner layers of the pia contained fat granule 
cells. In other cases, however, the cerebral and spinal soft meninges were infiltrated 
with cells, chiefly lymphocytes, and a few plasma cells, which also passed in with 
the vessels into the substance of the cord. Many dense glia fibres—radiating from 
the glia marginal zone into the pia—were found around the venous vessels as they 
passed out of the cord, and also around these vessels there was a marked accumula- 
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tion of small round cells. These meningeal changes, when present, are usually diffuse 
and in no way confined to the meninges overlying areas of sclerosis. 


(4) CHANGES IN THE INDIVIDUAL TissuE ELEMENTS. 


1. Nerve Fibres. 
(a) Medullated Sheath. 


In the actual sclerotic areas the medullated sheaths have entirely perished, but 
in recent areas and at the advancing peripheral zone of older areas the changes 
present themselves in very various forms, according to the stages of the degenerative 
process, and according to the greater or lesser intensity of the process. In Weigert 
transverse section, the myelin sheath may appear deficiently stained, or there may 
be only a thinning of myelin, but more often it is diffusely stained and swollen, or 
the whole ring of myelin may be broken up into a number of finer and larger 
globules (fig. 408). On longitudinal section, however, the process may be much 
more readily studied in its individual stages, and the fibres, especially in the transi- 
tional zone of an advancing area, may show all conceivable types (figs. 406, 407). 
The varicosity so frequently found even in normal fibres is greatly exaggerated, and 
the whole fibre may be represented by a series of large oval vesicles, the outer rim 
of which stains with hematoxylin. Frequently, and this seems to me the most usual 
type, a number of very fine granules and balls are attached to the outer border of 
the myelin sheath ; some of these tiny balls seem to burst, and gradually others 
re-form till the myelin sheath projecting into an area is gradually more and 
more thinned, and is finally represented by a series of very delicate globules. 
Some of these may be found for a considerable time in the degenerated area, 
retaining the hematoxylin stain. One rarely meets with the very swollen, 
tumefied, badly-staining fibres such as are found in softenings, although the 
destruction of the myelin seems to start in an cedematous swelling analogous 
to that found in acute myelitis. 

In Marchi sections (figs. 319-323) the actual degeneration shows first as long 
parallel rows of droplets which darken with the osmic acid. These are again most 
frequently on the outer edge of the nerve fibre, and may be only on its one side. 
Such fibres on transverse section would appear as if a crescentic part of the sheath 
were affected. Sometimes there are double rows of droplets or granules within one 
myelin sheath. The appearance of these rows of granules is often, but not always, 
preceded by a varicose condition of the fibres, extending over long distances; the 
swelling affecting the whole sheath and appearing either in the form of small beads 
or large spindle-shaped vesicles, which may perhaps represent an acuter process, or 
one accompanied by more cedema. Within these swellings the sheath may then 
show the fine granular degeneration, and these granules may run together. On 
transverse Marchi sections it is frequently possible to recognise that an entire 
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outer rim of the sheath is stained black, and that this degeneration gradually 
extends inwards to involve its whole extent. 

In Heidenhain’s iron-hematoxylin sections, the nerve fibres bordering on the 
degenerated zone have their neurokeratin framework beautifully brought out, and in 
the spindle-shaped swellings above referred to this is seen to be a very wide-meshed 
one. Margure has represented the chemistry of this process as a degeneration first 
of the lecithin, which supplies the fatty products, while the chief mass of the hema- 
toxylin substance (protagon) is spared longer, so the fibres which in Marchi sections 
show degeneration are still stained in Weigert’s hematoxylin. 

In longitudinal sections of the cord it may be seen that this degeneration may 
affect the nerve fibres “discontinuously.” This is specially easily recognised in 
Marchi sections, counter-stained with safranin, in which the retained axis cylinder is 
seen surrounded by a pink-stained zone, which becomes gradually interrupted by a 
portion of the fibre in which granular disintegration has commenced. The axis 
cylinder within this affected portion may be swollen and homogeneous, but can be 
recognised till a late stage of the degeneration. Thus this form of degeneration can 
be distinguished from secondary degeneration by its limitation, by its late affection 
of the axis cylinder, and, finally, by the character of its disintegration into granules 
and globules (fig. 320) instead of at once into coarse balls and fragments (fig. 324) 
which fill the whole myelin sheath. The fat granule cells, which are found in such 
large numbers, could only in rare instances be found to contain large fragments of 
myelin. It seemed rather as if a gradual absorption of dissolved substances had 
taken place, and that these within the cell had become transformed into fine 
fat-like granules. 

In the “ Markschattenherde” we may have simply a deficient staining of the 
whole myelin sheath, or there may be only a thin ring of myelin around an almost 
normal axis cylinder. VoLscH assumes that in the latter case there has been a gradual 
atrophy of the myelin, and then a persisting condition of the remainder. 

It may finally be noted that in some areas certain fibre-systems seem to be more 
resistant. In areas of sclerosis involving both the anterior horn and the entire 
antero-lateral tract the intra-medullary anterior root fibres were frequently found 
intact, or showing only slight Marchi degeneration. Similarly the external arcuate 
fibres in the medulla oblongata seem to be relatively long preserved. 


(b) Axis Cylinder. 

The comparative persistence of the axis cylinders in the sclerotic area has long 
been regarded as one of the essential characteristics of disseminated sclerosis. 
Cuarcort himself, from the apparent disproportion between the symptoms and the 
anatomical lesions, argued for their persistence. The earlier observers undoubtedly, 

with diffuse stains, frequently mistook the longitudinal glia fibrils, which run parallel 


to the degenerated nerve fibres, for true axis cylinders, yet modern specific staining 
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methods have proved that CHarcor’s conception was justified. Yet this persistence 
is only a relative one, and in the foregoing study attention has been drawn to the 
numerous alterations which axis cylinders undergo. The most frequent change is 
that of a slight homogeneous swelling, and this may be found even in old sclerotic 
areas, in which, as a rule, the axis cylinder becomes attenuated, and, with diffuse 
stains, is only with difficulty distinguished from the coarser fibrils. The changes 
in the axis cylinders are much more easily recognised in longitudinal sections of 
the nerve fibres. 

In early areas degenerative changes (figs. 425, 426) set in with a moniliform 
appearance, which may later take the form of spindle-like enlargements of various 
size, and these may finally lead to disintegration, with the formation of homo- 
geneous clumps and granules. This qualitative change may affect a large number 
of the axis cylinders in an affected area, or most of the fibres may show spindle- 
shaped swellings and only a few go on to the stage of disintegration. It is 
probable that the fibres which survive the swelling may persist into the stage of 
sclerosis as homogeneous, condensed elements which, as the sclerosis becomes denser, 
are compressed into thin, even spiral threads. 

In the stage of abundant fat granule cell formation the swollen axis cylinders 
become pushed aside between these cells and the proliferated glia elements (figs. 1, 
2: 9328, 329), ‘but with specific stains it can be seen that as these cell elements 
diminish in number and size, the axis cylinders course straight again and are 
surrounded, almost as by a sheath, with the proliferating, wavy glia fibrils (figs. 3; 
334). At the margin of a demyelinated and even sclerotic tissue, the direct transition 
of the still remaining axis cylinders into those of the normal tissue can be followed, 
and if the area be not a very long elongated one, a normal myelinated axis cylinder 
can be traced, deprived of myelin, right through the sclerosed tissue to its transition 
into a normal myelinated axis cylinder again. In other cases the transition from 
normal tissue into sclerotic is marked by a fainter, grey-stainmg of the axis 
cylinder, which in the depth of the area becomes a mere shadow (fig. 423), or the 
transition may be represented by a swelling and tortuosity, which it must be 
remembered are present to a limited extent in quite normal tissue. If the axis 
cylinder, too, terminate at the transitional zone, their ends are often swollen and 
granular. On tranverse section the remains of such degenerated axis cylinders 
with eosin or picro-fuchsin—or 


may be recognised as faintly-staining granules 
dark-stained, cloudy granular debris—iron and hematoxylin and silver—lying in the 
meshes of the glia cell protoplasmic processes, and in the walls of the blood-vessels. 
The density of the non-myelinated axis cylinders is rarely the same (fig. 422) 
as that of the normal fibres, but sometimes they are found of normal calibre and 
numbers. A striking illustration of this may be seen in figs. 16, 17; 421. In 
considering the relative proportion of axis cylinders preserved, it must be taken into ; 
account that the sclerosed area is relatively smaller than normal, e.g. where the 


THE HISTOLOGY OF DISSEMINATED SCLEROSIS. 607 


sclerosis affects the entire transverse section of the cord the area is frequently 
little more than half the normal. In this very shrunken area impregnation methods 
show a dense arrangement of the axis cylinders, yet one must admit that many 
must have perished. 

Numerous writers have claimed that after the degeneration of the axis cylinders 
there comes a regeneration. Pororr, Marinesco and Minna, and others base their 
contention on the presence of axis cylinders with a brush-like formation of fine 
fibres at their end, or on the presence of boules terminales at the end of both 
terminal and collateral fibres. This possible regeneration has been supported by 
Scumavus and Huser, and also by SrrRAnuBER, on the strength of his aniline-blue 
staining methods. BieLrscHowsky, while claiming that most of the fibres in a 
sclerotic area are “persistent,” admits the possibility of a regeneration. Borst, 
however, who has investigated the regenerative powers of fibres in the brain, and 
ascribes to them a very considerable regenerative new-formation, thinks that both 
BreLscHowsky’s and STRAHUBER’s special methods stain certain kinds of glia fibrils 
so similar to axis cylinders that it is impossible to draw any conclusion. 

Marsure claims that the first effect of the “toxine” is a lecitholysis: when 
this effect is carried further or is more intense there is a marked axolysis with the 
formation of fine granules. But it must be admitted that a change short of this, 
the demyelination and the swelling of the axis cylinder—which is an indication 
of its sensitiveness and a proof of its sharing in the changes in the myelin 
sheath—may be present. 


2. Nerve Cells. 


The relative resistance ascribed to the axis cylinders has also been extended to 
the ganglion cells, both in the cord and brain. Numerous writers have emphasised 
their quite normal appearance, both in outer form and minute structure, till a late 
stage of the process. CatoLtA found normal cells even when sclerosis was com- 
plete, and ScHLAGENHAUFER, in a case of disseminated sclerosis which ran its course 
as a transverse myelitis, found the nerve cells normal at all levels of the cord, 
even in the most affected segments. 

The relation of the cell changes, when present, to the sclerotic process is difficult 
to decide, and the majority of the changes should probably be referred to the 
intercurrent disease, with possible elevation of temperature, which caused death, or 

to the exhaustion and anzemia and decubitus which accompanied the nervous 
affection. In judging how seriously diseased a cell is, and specially as to whether 
it is capable of restoration, the variations in the nucleus have always been counted 
as affording more useful data than those of the protoplasm. In one case (C. 8.), in 
which every level of the cord showed not only an almost complete demyelination, 
but cell and glia stains showed that the fat granule cells had been almost completely 
removed from the tissue, and already an advanced fibril formation was in process, 
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many ganglion cells at very numerous levels retained an almost normal nuclear 
structure and an almost complete retention of the chromatophile granules (fig. 410). 
The only recognisable change was an absence of the processes, a rounding of the 
cell body, and an increase in the cell pigment. At other levels, all the cells present 
showed a marked diminution in volume (fig. 409), and a marked pigmentation 
(fig. 413), including cells which had become already transformed into a rounded, 
small, non-nucleated mass of pigment. These changes occur in areas in which the 
sclerosis is not very advanced and the intercellular tissue is composed of a net- 
work of capillaries and branching glia cells. In a later stage such cells become 
wholly lost in the sclerotic tissue, or small traces of pigment may still be found. 

Another type of change, and a more frequent one, is a gradually advancing 
atrophy (figs. 415, 416), proportionate to the increasing density of the sclerosis. 
This first affects the minute structure of the processes, and then reaches the cell 
body, in which the chromatophile granules become powdery or are dissolved, and the 
nucleus becomes peripheral. Such atrophying cells may assume very varied shapes 
according to the intensity of the process, and traces of non-nucleated cells with com- 
plete chromatolysis may be found in the sclerotic tissue for a long time. In the cells 
of Clark’s column, where we have normally an excentric nucleus and a peripheric 
disposition of the chromatophile granules, the nucleus undergoes a marked shrivelling 
and condensation, or at times a vacuolation before its extrusion. The cells very fre- 
quently assume a spindle shape, and have been described by Nisstu as “ Fisch” cells. 

The mechanism of these changes in the spinal cord cells seems to be a simple 
atrophy, and one factor in its causation is probably compression on the part of the 
developing cells and fibres of the glia (fig. 419). Nowhere was there found any evi- 
dence of the accumulation of small round cells around ganglion cells in the cord, such as 
are to be described later around the ganglion cells of the cortex. The changes described 
are those related to a slow, chronic process, but more extensive and general changes, 
e.g. complete chromatolysis (fig. 411) or deeply-staining cytoplasm, are also found, 
which must be related to the general somatic disturbances. The “coagulation 
necrosis,” described by Marinesco as an acute cellular change in which there is 
a dense fusing together and coagulation of the individual constituent elements, 
is rarely present. 

The cells in the different cranial nuclei undergo changes which are closely 
analogous to those described above. The cells of the hypoglossal nuclei are fre- 
quently very pigmented, and have the pigment distributed throughout the whole 
cell. The ghia cell proliferation may be very marked before there is any appreciable 
atrophy of the cells, but as the sclerosis advances, here, too, there is a gradual 
diminution in their number (fig. 418). Cells with normally staining granules may 
be found alongside cell remnants or pigment accumulations. 

The cells in the cortex, in a demyelinated area, when involved, are much more 
uniformly so than those of the cord. The large pyramidal cells are never normal 
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(fig. 386), but show chromatolysis and have their dendrites thickened or weakly- 
stained or absent, and the cell contour is rounded or pear-shaped (fig. 22). These 
changes involve not only the demyelinated area but also the adjoining stretches of 
the cortex to a varying extent. But the most characteristic appearance in a cortical 
area, and that which enables it, under low power, to be readily recognised, is the 
nuclear increase around the ganglion cells. The majority of the ganglion cells, in 
the lower layers of the cortex and in the layer of the large pyramids, are surrounded 
by small nests of cells (figs. 381, 393), from five to ten in number. These with 
diffuse stains have a small deeply-staining nucleus with little protoplasm, and cause, 
according to their number and arrangement, more or less deformity and atrophy of 
the ganglion cell, but we have never seen the penetration of such cells into the 
ganglion cell body. They have probably arisen from the pre-existing satellite cells, 
and their proliferation is taken as an indication of the inter-relation between ganglion 
cell and its satellite cells (“‘Trabantzellen”). Marinesco thinks that in health the 
former secrete substances which exercise a controlling influence on the size and 
development of the latter: if any noxious or toxic agent affects the former, this con- 
trolling secretion is diminished in quantity and quality, and the neuroglia cells react 
accordingly by increasing in size and numbers. This change is again not limited to 
the demyelinated areas, but passes over to the adjoining stretches of the cortex. 

Comparatively little change was found in the cells of the posterior root ganglia 
(fic. 420). Those that were present indicated a general reaction, probably in no way 
related to the sclerotic process in the cord. 


3. Neuroglia. 


The changes in the neuroglia represent, in the opinion of numerous observers, the 
dominant and essential histological feature of disseminated sclerosis. Whilst the 
changes in the nerve fibres show little variation in the individual cases, the glia 
components show wide differences. In an early area we have seen that the most 
important and characteristic finding is the enormous number of large cell elements 
(fig. 380) which in their further evolution are transformed into glia fibrils (fig. 384) 
and glia nuclei. In an actual sclerotic area we have a dense glia fibril mass, appar- 
ently without spaces (figs. 354, 364). The histological characters of the glia, there- 
fore, depend on the length and the intensity of the process. In the final result the 
name “sclerosis” is justified by the amount of neuroglia present in the areas, and 
Weicert has stated that the glia hyperplasia is greater here than in any other form 
of sclerosis. The neuroglia, though not from a histogenetic, yet from a morphological 
and biological standpoint, may be looked upon as a true fibrous connective tissue. 
It is thus of great significance that the glia begins to proliferate when component 
parts of the specific nervous tissue are destroyed, even where any stimulus capable of 
causing primary proliferation is absent. The classical example of this is the secondary 
degeneration of the white substance, where the secondary ghia proliferation sets in 
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probably as a reaction to the irritation caused by the products of degeneration. At 
the same time it may happen that one and the same “noxa” destroys the specific 
nerve tissue, and in an equally primary manner causes the glia to proliferate. Again 
it is possible that we may have isolated primary proliferative processes in the glia— 
which in their turn cause secondary degeneration of nerve cells and fibres. StoRcH 
has pointed out that in chronic diseases, in which the plan of the nerve tissue remains 
unchanged, the newly-formed glia fibrils show exactly the same arrangement as the 
original fibres, whereas in cases of acute destruction of tissue, this regularity does not 
hold good. He, therefore, distinguishes between an isomorphous and a reparatory 
sclerosis. The glia proliferation may, therefore, be merely a substitution process, or 
an inflammatory process, or, more rarely, a primary glia proliferation. 

It is impossible to discuss here the question of the spatial relation of the glia 


fibres to the glia cell protoplasm. All that can be done is to indicate the stages in 


the elaboration of the glia fibrils (figs. 382-384). These can be followed very 
beautifully in the evolution of an early area into a sclerotic area by means of 
Heidenhain’s iron-hematoxylin method and Ford-Robertson’s methyl-violet stain. 
In the rapidly proliferating glia cells, the first stage in their transformation is an 
enlargement of the nucleus (fig. 8), by which its chromatin structure becomes clearer. 
This is followed by the development of a considerable amount of deeply-staining 
protoplasm around the nucleus and the further development of large, branching, 
protoplasmic processes (figs. 9, 349), till forms of very varying size and shape are 
produced. In many of these large glia cells, two or more nuclei may be found 
(fig. 379): this may represent a karyokinesis which has remained incomplete. After 
cell division the new cells rapidly increase in size, and form protoplasmic processes, 
and are potential fibril-forming cells (figs. 379, 380). From a close consideration of 
the specimens the conclusion was reached that the formation of fibrils can take place 
in the enlarged pre-existing glia cells without cell division. The first indication of 
the formation of fibrils consists in a definition of the edge of the protoplasmic pro- 
cesses (fig. 382): when this can be followed throughout the concave border of two 
adjoining processes (fig. 383), it gives to the fibril formation the appearance of 
recurving fibres (fig. 384) with their convexity near the cell nucleus. The general 
arrangement of the fibrils corresponds at first to the general outline of the borders 
of the protoplasmic processes. At a later stage the relation to individual nuclei is 
less easy to determine. Forp-Roserrson thinks that each branching process becomes 
converted into several plain processes by gradual splitting at the forks down to the 
close vicinity of the nucleus. His methyl-violet method shows very clearly that 
many of the fibres are attached to the walls of a vessel by an expanded “foot,” but 
frequently, especially around the capillaries in the cortex, the new formed fibrils of 
adjacent cells were found to form a network, with elongated meshes, around the 
capillary wall (figs. 21, 391). 

Glia cells, that have produced fibrils, undergo slow and gradually regressive 
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changes: almost the whole of the protoplasm seems used up and shrivels into an 
irregular border around the doubly-staining nucleus. In later stages, too, the nuclei 
may disappear, and thus account for the comparatively few nuclei found as a rule in 
actual sclerotic areas. 

Weigert’s method does not stain the cell body, and therefore his statement as to 
the spatial separation of the glia fibrils from the cell protoplasm may be overdrawn, 
but this does not undermine the “ Verhalten,” the distribution and the specificity of 
the fibrils, and the fact that they stain at a certain definite stage of their develop- 
ment. Fieanpt1’s recent work has seemed to support the HarpEesty-HELD conception 
of the syncytial structure of the glia tissue. Hep believes that the glia represents 
a widely-ramified but connected syncytial meshwork of protoplasmic character, 
which envelops the functioning elements of the central nervous system. At its 
nodal points are nuclei, and within the protoplasm, not separated from it, are 
Weigert’s specific fibrils. The glia, therefore, represents a continuous reticulum, 
which holds together the ganglion cells and nerve fibres, and the differentiated 
fibrils are deposited in this as supporting or stiffening elements. By Nissl’s stain 
the cell nucleus and protoplasm immediately surrounding it are stained, and the cell 
protoplasm gradually merges in a surrounding meshwork. The sharp concave edges 
of the bodies are formed by light, strongly refractive lines, which consist of -fibrils 
that do not stain with basic aniline dyes. Freanpr thinks that glia granules— 
gliosomes—play an important réle in the new formation of glia fibrils, and that they 
may be looked upon as an intermediate stage between the undifferentiated proto- 
plasm and the specific fibres. In specimens fixed in Heidenhain’s sublimat-trichlor- 
acetic acid mixture, and stained by iron-hematoxylin, granules were present, 
arranged in rows, in the large star-shaped glia cell processes and in different parts 
of the cell body. In some cases rows of granules are seen to radiate towards the 
centre of the cell, thus giving the cytoplasm a radial structure. These granules are 
very fine, and similar granules may be distinguished in the fine meshes of the glia, 
arranged almost in streptococci-like rows. 

The HarpEsty-HELD conception of the syncytial structure of the glia tissue would 
reconcile WEIGERT’s teaching with that of his opponents, and show that in the 
neuroglia tissue cells — nuclei and protoplasm and protoplasmic processes — 
differentiated fibres, whether anatomically independent or not, and, finally, inter- 
cellular protoplasmic fibreless glia, may all exist together. . 

In the grey matter of the brain the ganglion cells and fibres are embedded in a 
tissue which shows a uniform finely granular structure. This is probably constituted 
by the dendrites and axis cylinder processes of the ganglion cells; the axis cylinder 
ramifications from other parts of the grey matter; the fine intercellular fibril lattice 
work originating from both; and by the diffuse protoplasmic glia meshwork with 
its specific glia fibrils. In this glia meshwork nuclei are fairly evenly distributed, 
and are specially met with in close relation to the larger ganglion cells—the so- 
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called satellite cells or “‘ Trabantzellen’””—and around the vessels. These elements, 
together with arteries, veins, and a fine capillary network, constitute the grey 
matter of the cortex. The specific glia fibrils vary much in amount in the different 
layers. In the marginal zone and amongst the tangential fibres they are abundant, 
but from this downwards they rapidly decrease in amount, but in the transition 
between white and grey matter they are again abundant. On the other hand, the 
protoplasmic glia meshwork is apparently equally developed at all levels. Radial 
glia septa, such as are found in the cord, are never present in the cortex. The 
nuclei in the grey cortex are small and round, 5 to 7“ in diameter, or flattened, and 
have a dense chromatin content in the form of fine granules. Larger and lighter- 
stained nuclei are also met with, and both types have, with certain stains, fine 
thread-like processes, which ramify and anastomose with each other. 

We have stated that one portion of the proliferated glia cells both in the white 
and grey matter probably form the first fat granule cells. This double function of 


the neuroglia cells, that of fibre-formation and phagocytosis, has been emphasised by — 


Nissi, Marinesco, and Forp-Roperrson. The increasing zone of protoplasm around 
the nucleus becomes gradually laden with granules, which often outline the cell body 
and its processes—at first spindle-shaped, then star-shaped, and gradually becoming 
rounder till the cells are set free in the glia reticulum (figs. 18-20). These glious 
granular cells have a lattice or “Gitter” structure in their protoplasm, in prepara- 
tions in which the fat granules have been dissolved out (figs. 9, 10). They emigrate 
from the tissue, or rather are carried along with the lymph stream, and are found 
later in the adventitial spaces of the blood-vessels and there give up their contents, 
or are carried still further on. This evolution may be traced beautifully in the 
advancing zone of an area in the white matter where the nerve fibres are cut 
longitudinally. Here the pre-existing small glia cells, lying far into the normal 
myelinated tissue, may be found proliferating and undergoing the changes described 
above. In the cortical grey matter this evolution is slower, and the commencing 
granule formation in the “ Trabantzellen” is well brought out in fig. 396. 


4. Blood-vessels; Lymphatics; Cell Elements in Vessel Walls. 


(a) Blood-vessels.—Note on the normal structure of the vessels of the central 


nervous system. 


The arterial vessels of the cerebral cortex arise altogether from the pia. Short 
radial branches, referred to as “cortical” vessels, pass into it perpendicular to the 
surface, and soon after their entrance break up into the very smallest arterioles and 
capillaries. The outermost layers of the cortex are supplied, not by lateral branches 
from the larger of those radial arteries, but by a special system of very short vessels, 
which break up into a capillary network in the first and partly in the second cortical 
layers. One division—of longer radial branches, referred to as medullary—penetrates 
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further down and supplies the superficial portion of the subcortical white matter. 
The larger portion of the cortical white matter and the basal ganglia are supplied 
by central arteries, which arise from the circle of Willis: their terminal branches 
ramify on the surface of the ventricles (Borst). One division of the veins likewise 
passes to the pia, and another, that draining the central white matter and basal 
ganglia, joins the great veins of Galen beneath the splenium of the corpus callosum. 
Numerous venous branches can be recognised, immediately sub-ependymal, coursing 
mostly obliquely towards this point, and grouped especially around the posterior horn 
of the lateral ventricle. In the spinal cord the white columns are supplied by vessels 
radiating from the pia, and the grey matter by vessels passing in from the anterior 
fissure. The transition zone between white and grey matter receives its blood- 
supply from the terminal branches of both central and lateral vessels. The lateral 
vessels, as they penetrate the cord, run at first almost in the transverse section of the 
cord ; many lateral transverse branches are given off, but the majority widen out 
in vertical directions. These vertical branches, on account of their small calibre, 
represent terminal vessels, pre-capillary arterioles, and capillaries, and may be traced, 
in longitudinal section, for long distances. In consequence of this arrangement, the 
areas supplied by the radial vessels and their lateral branches would, therefore, have 
a wedge-shaped form, with base on the surface of the cord, and those supplied by 
the vertical branches must have a shape in the long axis of the cord. 

The discrimination, in individual sections, of small arteries and veins is by no 
means always easily made, and, when a condensation of the vessel wall occurs in 
sclerotic tissue, is impossible. As in other tissues the venous walls are thinner, 
contain irregularly distributed muscle cells and adventitial nuclei, but small veins 
proceeding from capillaries cannot be distinguished from pre-capillary arterioles. 
It is generally taught that no elastic lamina is present in the arteries and arterioles, 
but ScoroepER and Lapinsxky state that a very delicate elastic membrane can be 
recognised even in the capillaries, and that elastic fibres are present in the media and 
the adventitia, wherever a distinct adventitia can be found. With Weigert’s elastic 
stain the capillary walls certainly stain sharply and frequently with a double contour, 
which some have looked upon as the expression of a rudimentary elastic membrane. 
It is generally admitted that even the capillaries have traces of an adventitia, the 
nuclei of which are found only at intervals. The capillaries, therefore, consist of an 
endothelium and traces both of an elastica and an adventitia. In pre-capillary 
arterioles we get, in addition, detached muscle cells, which in the larger arterioles 
form a layer of circular cells. Forp-Ropertson states that by far the most 
important feature in the structure of the intracerebral vessels, in relation to the 
physiology of the cerebral circulation, is the remarkable development and the highly 
elastic character of their adventitia, which invests not only the arterioles but also 
venules and capillaries. The capillaries of the central nervous system, therefore, 


unlike the capillaries of most other organs, possess an adventitia, the fibres of which 
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differ both from white fibrous tissue and yellow elastic tissue. He thinks that there 
is strong evidence that in various toxic conditions the capillaries of the central 
nervous system are prone to undergo definite change, while those of other organs 
escape. The explanation of this selective action is to be found in the fact of their 
higher structural differentiation, which has been obtained at the cost of a peculiar 
vulnerability to the action of certain toxins. 

The adventitia is immediately bounded on its outer side, without the presence 
of any peri-vascular space, by a condensed layer of glia—the glia peri-vascularis 
limitans. This glia layer is a continuation inwards of the glia superficialis limitans 
which was carried inwards by the in-growing vessels of the pia when they invaginate : 
the embryonic nerve tube. The inner layers of the pia form the adventitia coat of 
these penetrating vessels, and this intimate relation between glia and adventitia is 
maintained till the finest capillaries are reached. In these the glia limitans may 
be formed by a very fine protoplasmic reticulum in which the glia “ Fuss” of 
immediately adjoining cells are inserted. 

It was formerly supposed that there was no evidence of the existence of vaso- 
motor nerves in the intracerebral arteries, but Laprnsky has demonstrated that 
medullated fibres reach the media and are distributed to the muscular fibres as non- 
medullated fibres. 


The disposition of the areas in relation to the blood-vessels has led to the 
supposition that these play an important réle in the genesis of the areas. This 
topographical relation is frequently obvious even macroscopically, especially in areas 
in the cerebral white matter, and numerous illustrations point to its microscopic 
proof. This dependence on the vessels is brought to light only where the areas are 
isolated : in later stages, through coalescence, the original relationship is no longer 
recognisable. A parallelism between the sclerosis and the area of distribution of 
a vessel would argue that the development of the process depends upon the condi- 
tion of the vessel or of the “ noxa” circulating within it. 

To the alterations in the vessel walls in sclerotic areas numerous writers have, 
therefore, ascribed an essential significance, while others have regarded them as 
accessory and subordinate. Few writers have noted their entire absence; Taytor, 
in eight cases, could find no trace of vessel change, and ERBEN, in a careful investi- 
gation of five cases, found none that were not common to the whole central nervous 
system. Variations in the findings have been explained by the different stages in 
the development of the sclerotic process. In early stages engorgement and dilatation, 
cell infiltration of the walls, dilatation of the lymphatic sheaths, and capillary 
hemorrhages have all been noted; at a later stage, marked nuclear increase in the ~ 
adventitia and, in the actual sclerotic areas, condensation and hyaline change of the 
vessel walls. Probably none of the histological changes have been so variously 
interpreted as those related to the vessels. 
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The sequence of the changes in the blood-vessels seems to me to be the follow- 
ing: at an early stage the blood-vessels in an involved area become dilated and 
engorged with blood. It is not a question so much of one central vessel as of all 
the branches of one small vessel, and even the finest capillaries, are recognised ; the 


vessels are in no way altered, and have no nuclear increase either in the intima 


or adventitia. During the stage of marked: glia cell proliferation and commencing 
fat granule cell formation, in very numerous areas it has been impossible to 
recognise any structural alteration. The impression of a new formation of blood- 
vessels, both at this stage and at a much later one, is probably due to the engorge- 
ment making each fine vessel stand out distinctly, especially. when stained with 
picro-fuchsin. Nowhere at this stage is the relation of individual parts of the 
tissues altered. In a few cases there have been noted a proliferation of the 
capillary endothelium and the possible passage outwards of the proliferated 
endothelial cells into the tissues. At the stage of abundant fat granule cell forma- 
tion, when these cell elements are passing into the lymph spaces of the adventitia, 
every vessel in the affected zone is mapped out by a ring or rings of such cells 
(figs. 10; 13). The smallest capillaries show a single row of cells (fig. 433), often 
with an outer limiting membrane, stained pink with fuchsin or blue with Mallory’s 
connective-tissue stain: the presence of this outer limiting membrane to such a 
row of cells seems a strong argument in favour of the existence of a thin adventitia 
in the capillaries. If such an area, with fat granule cells crowding the vessel 
sheaths and tissue spaces (fig. 434), be looked at, with low power, and especially 
in celloidin sections, where it is more difficult to analyse the constituent elements, 
the impression is given of a softened area with cell-infiltrated walls. The possi- 
bility that areas at such a stage of development have been taken as illustrating 


cell-infiltrated areas may explain the great significance that has been ascribed to 


the vessels and to the inflammatory character of the process. This is still more 
evident at a slightly later stage, when there is a reaction to the presence of these 
fat granule cells in the adventitial spaces and a proliferation of their cell elements. 
The cell proliferation is of a secondary nature, and is evident in uncomplicated cases, 
we think, only at this stage. It is evident that there is a marked increase in the 
nuclear content of the vessel walls, an increase in which the endothelium of the 
capillaries shares. As the resorption processes advance there is a gradual removal 
of the fat granule cell element in the adventitial spaces, but the cell body of many 
of these cells has gradually disappeared in situ, leaving a deeply-stained, crenated 
nucleus (fig. 14), and during this stage we get a further nuclear element added to 
the nuclear increase in the vessel wall. The adventitia has had its fibrils dis- 
sociated and its lymph spaces filled by the fat granule cells; as these disappear the 
lymph spaces, which remain distended for a considerable time during the advancing 
sclerosis, are to a certain extent now occupied by a cell infiltration of another kind— 
these are the small, round, lymphocyte-like cells common to all chronic processes. 
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These, with the elements distinctly recognisable as proliferated from the endothelium 
of the adventitial spaces and from the adventitial connective-tissue cells, together 
with a few remaining fat granule cells or their nuclei, form the cellular content of 
the vessel walls at this stage. Figs. 14 and 439 show beautifully the varieties of 
the cells found in such a vessel. I have never seen any marked grouping of small 
round cells analogous to the so-called “round cell infiltrations.” As the sclerosis 
advances the dissociated fibres of the adventitia gradually come together, and pro- 
portionate to this is a gradual diminution in the contained cell elements (figs. 15 
and 440). For along time the outer adventitial fibres form a recticulum which can 
scarcely be distinguished from the peri-vascular glia reticulum, and in the meshes 
are still found various cell elements. At a still later stage the sclerosis affects all 
the parts of the vessel wall, and the dissociated fibrils form a fused, homogeneous, 
almost hyaline layer. As the vessel becomes hyaline, the elastica becomes broken 
up and lost, so that nothing can be recognised of specific muscle, connective tissue, 
or elastic elements (figs. 440, 441). The relation of the proliferating glia cells to 
the small vessels has already been emphasised, and at the later sclerotic stage the 
proliferating fibrils, perpendicular to the vessel wall, form almost a radiating ring 
around the vessel; but very frequently, especially in cerebral areas, the new-formed 
glia fibrils are laid down in concentric rings around the vessels (fig. 437). It has 
also been mentioned, but may here be emphasised, that it is frequently the peri- 
capillary glious zone in which the first traces of gla proliferation are noted. 

In the majority of the sclerotic areas all the vessels are condensed—arteries, veins, 
and capillaries,—and it is not possible to draw any distinction between arteries and 
veins, arterioles and venules (figs. 442-444). Similar condensation of the vessels 
is found in all chronic sclerotic conditions in the nervous tissues, and LuGaro has 
pointed out that this is in keeping with the small claims of their nutritive function, 
for the sclerotic tissue requires less nourishing material. 


(b) Lymphatics. 

The increasing recognition of the importance of the lymphatic circulation in the 
central nervous system has led to numerous researches upon the precise nature of 
the lymph paths and the direction of the flow of the lymph within them. It cannot 
be said, however, that any exact knowledge on either of these points has yet been 
revealed. The present section of this paper is confined to the indications of 
changes in the lymphatic vessel system in disseminated sclerosis. The lymph 
apparatus shares in the changes in the blood-vessels, and Borst has strongly urged 
the view that a disturbance in the lymphatic circulation is the-essential factor in 
the process underlying disseminated sclerosis. He points out that the factors which 
bring about this disturbed circulation are alterations in the vessel walls and in the 
meninges. Even slight affections of the former involve changes in the transudation 
of the lymph and lead to pathological exudations, and even slight adhesion of the 
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pia to the marginal glia zone would involve occlusion of the epi-spinal or epi-cerebral 
spaces, an occlusion which would be extended to the peri-vascular spaces at the 
periphery, and therefore cause a hindrance to the outflow of the lymph by these 
channels. In a recent paper the late Dr Bruce and I| indicated our agreement 
with Nisst’s contention that the adventitial lymph spaces of the blood-vessels, 
which open into the spaces of the inner layers of the pia, are the only true lymph 
spaces of the central nervous system. It has seemed, therefore, that this assump- 
tion of epi-spinal, epi-cerebral, and peri-vascular spaces is an error which in- 
validates greatly Borst’s views, and causes him to overestimate the part played 
by these adhesive changes. The fundamental importance of an increased transuda- 
tion of toxic lymph cannot be overestimated, but the evidence of a hyperlymphosis 
is not by any means clear except in isolated cases, and its explanation when present 
cannot always be traced to be secondary to a closure of adventitial spaces. Borst 
thought that together with the change in the vessel wall, which allowed increased 
transudation, there was a closure of these adventitial lymph spaces, so that the 
lymph, unable to get back, dilates the tissue interstices, especially the peri- 
vascular glia and the peri-vascular space. In these dilated glia meshes the first 
changes of the nerve fibres occurred, and later, secondary to the degeneration, 
there was a substitutive proliferation in the glia. Such areas with dilated meshes 
he termed “ Lichtungsbezirke.” 

In the course of this study attention has been directed to the fact that the 
adventitial lymph spaces showed in the early stages only a slight degree of dilata- 
tion, that, later, they were distended by the presence of fat granule cells, and that 
they remained dilated and filled with cell elements of various kinds till a late stage 
of sclerosis. In the early stages there was no question of a primary proliferation 
such as might be induced by a toxic lymph flowing in them—the cell elements of the 
adventitia are, firstly, the fat granule cells, secondly, these, together with proliferated 
cells of the adventitial walls—a result of the reaction to the foreign elements in the 
spaces—and, finally, a cell infiltration of lymphocyte-like cells. In an actual sclerotic 
area the adventitial lymph spaces were closed in the general condensation of the 
vessel wall, but here the relations of the lymph in the narrow interstices of the dense 
glia tissue must be very different from those in the normal tissue. The areolar zone 
which is sometimes found around areas of dense sclerosis may be due in part to the 
obstruction of the lymph flow from normal tissue into sclerotic tissue. 

Very numerous peri-vascular sieve-like areas (figs. 448-450) were found, but these 
were frequently related to normally myelinated tissue. The change consisted in an 
extreme dissociation of all the fibres in the adventitia, so that the space between 
media and the peri-vascular glious zone was occupied by a connective-tissue 
reticulum with widened meshes which contained cell elements and frequently a 
granular deposit. There were frequently also found indications of a lymph conges- 
tion which extended over the whole transverse section of the cord and which found 
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expression in dilated adventitial lymph spaces, distended glia meshes, and a swelling: 
of the contained myelin sheath and axis cylinder. In uncomplicated cases only 
occasional and insignificant variations in the soft meninges were present, yet it must 
be admitted that changes, if minute, might readily escape observation. : 


(c) Cell Elements in the Vessel Walls. 


The statement is frequently made that infiltrations are met with in recent areas, 
and such cell infiltrations of the adventitial sheath are considered characteristic of 
the inflammatory process in the nervous tissue. In numerous references to the’ cell 
elements of the adventitia, an endeavour has been made to show that the first cell 
infiltration is one associated with resorption processes (fig. 13); that this is’ followed’ 
by a cell proliferation in the adventitia, which is probably a secondary reaction: 
process to the presence of the first cells in the lymph spaces (fig. 487); and. that,. 
finally, we have a more or less marked degree of cell infiltration which is character- 
istic of a chronic inflammatory process in any tissue (fig. 14). 

In the earliest stage, as a rule, there is no evident increase of the nuclei in the: 
vessel wall, but sometimes a slight proliferation of capillary endothelial nucler and: 
adventitial nuclei is found, which may be related to the production of fat granule 
cells. In the stage of secondary reaction to the presence of the fat granule cells, the 
resultant cells in the adventitia are of two kinds: the one, with large nucleus and 
clear chromatin framework, have probably arisen from the endothelial nuclei of the 
lymph spaces, the other, with darker-stained nuclei, from the proliferation of the 
connective-tissue elements of the adventitia. In the third stage, in which the cell. 
infiltration partakes of the characters of a chronic process, we have mostly lympho» 
cyte-like cells, with a darker nucleus than any of those mentioned above, a few 
plasma cells and mast cells, together with pigment accumulations, either free in the 
spaces or within cells, and granular debris of various kinds (figs. 14 and 439). The 
subsequent fibrous thickening of the vessel wall in the advancing sclerosis: has been: 
traced by LuERMITTE and Guccione to the transformation of plasma cells into fibro 
blasts. In this investigation quite characteristic plasma cells were present ini 
extremely few sections. ScHop, OPPENHEIM, and SIEMERLING and RaxckE found 
them in numerous instances and look upon them as the expression of a more or less 
chronic process. Vouscw and Fiarav and Kor ricHen think most of the cells in late 
stages belong to the lymphocytes, and that plasma cells are rarely found in the vessel 
walls or in the meninges. 


(5) OrneR HistonocicaL FEATURES. 
1. Form, Symmetry, and Distribution. 


Rosso.imo first drew attention to the dependence of the sclerosed areas upon the 
topographical distribution of the blood-vessels. As the causal agent spreads: itself 
by the blood channel, or the lymph channel accompanying the vessels, it was 
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asserted that the areas assumed certain well-defined forms. This apparent depend- 
ence upon the vessel regions was seen specially clearly in small wedge-like sclerosis 
situated at the periphery of the spinal cord, in which there was always found a con- 
densed or even obliterated vessel radiating from the pia. When the area in the 
white matter was separated from the periphery by a zone of normal fibres it was 
usually round or oval. These basal forms were in agreement with Kapyt’s experi- 
mental observations on the arterial distribution in the cord, to which we have 
already alluded. The lateral vessel passed transversely into the cord substance and 
its first branches were given off transversely, but the transitional vessels ran upwards 
and downwards in the long axis of the cord. The accompanying figures clearly show 
that the area of distribution of the transverse branches is wedge-shaped and that of 
the perpendicular branches is an elongated oval. Such vessels were looked upon by 


Kapyi and Macer as end-arteries, but there is no doubt that there is a considerable 
amount of overlapping, and that, in consequence of this, the areas supplied by them 
are not sharply defined. The blood-supply, likewise, of the groups of ganglion cells 
is not from one individual branch of the commissural vessels, but from several. 
The sulco-commissural arteries form in the substance of the anterior horn a rich and 
intimate network which holds the cell groups enweaved in its meshes. 

In'the course of this study several small areas have been followed up, serially, 
_ throughout their whole extent, and I have come to the conviction that the changes 
“appear within, but do not coincide with, the area of distribution of the arteries, and 
that it must be extremely difficult to determine the territory of an artery. In 
literature numerous statements are made to the effect that the position and the 
definition of the areas corresponded completely to the distribution of individual 
vessels, but neither in the white nor the grey matter could this be definitely traced. 

In the cord (Pl. LXII) the prevailing form of the area at the periphery was 
wedge-shaped to a certain degree, but in the smaller isolated areas, in which one, or 
at most two, small lateral vessels were present, the definition was irregular and the 
shape was ampulla-like, with the neck of the ampulla (fig. 254) at the periphery of 
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the cord, or bowl-shaped (fig. 257). When a large part of the peripheral portion of 
the cord was affected, perhaps through fusion of contiguous lateral areas, the sclerosis 
frequently mapped out the triangular portion between anterior and posterior root 
entry zones and extended inwards to involve the grey matter—the base of this 
triangle being sub-pial (fig. 246). The areas within the white matter of the lateral 
columns were frequently round or oval (figs. 256, 258) and often occupied the region 
of the crossed pyramidal tracts. In the posterior columns the areas assume specially 
an elongated oval shape (figs. 194, 261), the long diameter of which is pointed sagit- 
tally. The centre line of this oval may be either the posterior median septum or the 
paramedian septum : in its extension the involvement of the columns is often uni- 
form, but occasionally more on one side than another (fig. 259). When the ventral 
portion of the posterior columns is affected by a small, isolated area, it has usually a 
more or less triangular form, with the base to the posterior commissure (fig. 260). 
In its extension such an area involves both posterior horns, and may pass backwards 
on both sides of the median septum—the apex gradually approaching the periphery, 
but often leaving symmetrical islets of normal tissue in the angles near the posterior 
root entry zones on either side. 

Isolated areas may occur in the grey matter of the cord, especially in the anterior 
horns. Such areas may apparently involve one group of nerve cells (figs. 234, 243), 
or may, rarely, map out the whole of one horn as a demyelinated area before it 
extends into the white matter (fig. 199). The most frequent involvement, however, 
of the grey matter is a peri-central sclerosis (figs. 197-199), which may be very 
marked at almost every level of the cord. In its extension this may pass anteriorly 
or laterally into the grey matter or directly anterior or posterior along both sides of 
the anterior and posterior fissures, or both or all combined, so that in its further 
extension it involves almost the whole transverse section of the cord. The 
symmetry of such involvement is often very marked (fig. 247), and is never more 
clearly brought out than where isolated islets of myelinated fibres are left: at corre- 
sponding marginal parts of an otherwise demyelinated transection (fig. 210). Similar 
marginal areas in the region of the cerebellar tracts are also frequently left after an 
apparently symmetrical involvement of the lateral columns and adjoining portions 
of the grey matter. 

The longitudinal extension of areas within the white matter is very varied, but 
sometimes reaches over several seements. Their form is usually an elongated oval, 
or a series of elongated oval areas have seemed to join on to one another at their — 
adjacent ends (figs. 30-31). In the frontal longitudinal section of an isolated area 
in the posterior columns, it is possible to recognise how the numerous vertical 
branches of a vessel system are all involved and not one primary vessel stem. Very — 
numerous segments were cut in serial longitudinal sections, both in frontal and — 
sagittal direction. In some of these only traces of myelinated fibres could be found — 
along the margins throughout the whole segment: in others, the primary oval area 
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was densely sclerosed and was surrounded by a broad, early transitional zone which 
above and below had a narrow wedge shape; and in others, as the area in the 
posterior columns was left behind, further serial sections showed the involvement of 
the posterior horns, the commissures and lateral tracts in one extensive area. The 
innumerable variations can thus only be hinted at, but one further feature must be 
mentioned. Such long stretches—extending sometimes over two upper dorsal 
segments for instance—showed that definite areas in the same columns were united 
by faintly-staining tissue, which sometimes showed Marchi degeneration, or such 
aN appearance was continued onwards, ascending or descending, from definite 
sclerotic tissue. The illustrations sufficiently indicate that the cervical cord and 
dorsal cord were more frequently and more extensively involved than the lumbar 
and sacral cords. 

In the medulla oblongata, pons, cerebral peduncles and cerebellum, the same two 
primary forms were present with numerous variations. Sub-pial areas were fre- 
quently wedge-shaped, and these within the substance of the tissue round or oval, 
with the long diameter in frontal or sagittal section. Here, too, the confluence of 
the areas was marked. The cranial nuclei shared in the general extension from the 
floor of the [Vth ventricle—-an extension which usually took place in isolated 
broad processes which subsequently fused with one another. The almost complete 
symmetry of the involvement is apparent in figs. 143 and 144, and in these areas 
again the islets of normal fibres left showed a remarkable parallelism. The extension 
of the sclerosis on the floor of the [Vth ventricle passed laterally and, from the 
angles of the ventricle, inwards to involve the structures which at various levels are 
found in this region. The figures and the detailed topographical description 
sufficiently indicate the distribution. The lateral extension to the roof of the 
IVth ventricle involved the white matter of the cerebellum, the hilum of the 
dentate nucleus, the nuclei of the roof, and often the whole of the folia forming the 
vermis and nodules (cf: figs. 76-82). 

The peri-ventricular areas showed also numerous primary, wedge-shaped areas 
with broad base to the ventricle, and extensions into the adjoining tissue in the 
form of finger-like processes or ampulle, in each of which a central vessel could 
usually be found. - All these areas were often united by tissue staining faintly in 
Weigert sections. Around the posterior and anterior horns of the lateral ventricle 
the sclerosis assumed the form of a hood, the apex of which was continued in 
the direction of the frontal and occipital poles by a series of rounded or oval 
small areas. 

In the medullary rays numerous submiliary foci were present, round or oval, 
with the long diameter parallel to the course of the fibres. The areas in the 
medullary rays were often united by tissue in an earlier stage of degeneration. 
This gave a striped appearance even macroscopically. The peri-ventricular sclerosis 


of the descending horn of the lateral ventricle in almost every instance extended 
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from the adjoining white matter in radiating lines into each medullary ray. In 
the transition zone between cortex and white matter the affected area often 
assumed the form of an elongated spindle, and when this zone lay in the cup of 
a convolution the spindle curved on itself, with the concavity to the fissure. In 
the extension of either flat or curved spindle, the poles often passed to involve 
the transition zone between two or more adjoining convolutions, and in this 
extension the whole of the white matter from which the individual medullary 
rays arose was often cut across. 

In the large basal ganglia, isolated areas were often quite round (fig. 266), but 
the fusion of primary areas in the optic thalamus, internal capsule, and lenticular 
nucleus produced large irregular areas in which might be traced the original forms. 
Symmetrical involvement of the basal ganglia and especially of the external capsule 
and claustrum, with an extension to the grey matter of the convolutions of the island 
of Reil, formed a prominent feature in several of the sections, especially in Case II. 
The distribution of the areas in the basal ganglia in individual cases has been given 
elsewhere, but here it may be noted that such areas seemed often to start in a peri- 
vascular zone around the lenticulo-striate and strio-thalamic vessels (fig. 267), and 
that the peri-vascular sieve-like areas were nowhere so marked as in this region, 
around the larger of these branches. 

In the cerebral cortex the variation in the form of the areas is even more marked 
than elsewhere. These may be grouped into three divisions according to whether 
the demyelination (1) spreads from white matter into grey and is arrested within 
the radiations of the nerve fibres, or (2) is wholly within the cortex with a zone of 
intact nerve fibres forming a fine network superficial to it, or (3) spreads from the 
surface and extends for a variable distance inwards. The shape of those extending 
from the white matter is usually dependent upon the subcortical portion, and the 
extension may be simply a gradual one which involves the radiations in a sinuous 
or curved or even pointed outline. The definition of the cortical portion within the 
radial fibres is often very sharp, even under a high power, but frequently individual 
fibres or even the groups of fibres forming a single radiation may pass in from the 
white matter into the area for a considerable distance. In the areas, situated as far 
as could be made out by numerous serial sections, entirely within the cortex, no 
special shape could be noted. It was possible to trace small areas entirely within 
the tangential fibres (fig. 300), or involving the fine fibres forming the supraradial 
network or cutting across the Baillarger’s or Genari stripe, but more often these ~ 
small isolated areas were found limited to the intra-radial and radiating fibres, 
which pass, with a fan-like arrangement, from the tips of the medullary rays. 
In many such areas a small vessel, which seemed to be the centre of the demye- 
lination, was certainly found, but others bore no relation to any of the numerous 
capillary vessels found within them. The shape of the areas, passing in from 
the surface of the convolutions, was often that of a modified wedge, or of an 
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arch with its convexity either on the surface or within the radiating fibres, and 
the outline of these areas which seemed to pass definitely over into the sub- 
cortical white matter was, as a rule, much sharper than that of those confined 
to the cortex (cf. Pls. LXIJ-LXIV). 

The close disposition of the numerous areas in certain convolutions gave place 
often to a coalescence, with a complete demyelination of cortical tissue extending 
over the whole of one convolution and sometimes round the cups of the adjoining 
convolutions. This demyelination in some cases affected the cortex irregularly, and 
the resultant line might further be broken into by wedge-shaped or bow-shaped 
areas extending further inwards (fig. 276). Short of complete coalescence of the 
areas, there were found stretches of the cortex which presented a moth-eaten 
appearance, in which only islets of the normal radiations or intra- or supraradial 
network of fibres were retained. Such a moth-eaten appearance was specially well 
brought out when the section was cut in a plane at right angles to the radiations 
(fig. 295). It is perhaps necessary to emphasise that such descriptions are taken 


from specimens in which it could be stated almost definitely that the demyelination 
‘was not due to over-differentiation. The limits of such areas are quite defined; the 


adjoining convolutions have their tangential fibres and the fine fibres of the supra- 
radial network well brought out; and the demyelination often corresponded exactly 
to the area of supply of the superficial vessel plexus of the cortex (cf. figs. 271-272), 
although no single larger vessel could be brought into relation to it. Such an 
extensive affection of the cortex, too, is often limited to certain convolutions. 
SIEMERLING and RaxEcKE, SANDERS, ScHop, and others have pointed out similar 
extensive involvement of the cortex, and ALZHEIMER and SPIELMEYER in general 
paralysis have noted the existence of demyelinated areas involving the cortex 
extensively, in which none of the cellular changes of general paralysis were 
present. 

The remarkable symmetry of the cortical areas is again sufficiently indicated in 
figs. 271-273, in one of which symmetrical areas on either side of an individual 
suleus may be noted (fig. 273). 

In the cerebellum the cortex often shares in the extensive involvement of the 
cerebral cortex. Here the medullary cores of individual folia may be simply cut 


' across, or the fine reticulum of nerve fibres in the granular layer may be also 


affected : at other times, especially in the flocculus, the trunk of numerous medullary 
cores is cut across, and this involvement spreads to affect individual branches and the 
corresponding reticulum of fibres, while immediately adjoining cores, with the 
pertaining cortical reticulum, are unaffected. A striking parallelism may be presented 
in the two flocculi (figs. 27-28)—the peduncles of which may also be involved in an 
extension from the angles of the [Vth ventricle. 

It is thus seen that the areas are apparently distributed over the whole central 
nervous system, that their form can be related only in a modified way to two basal 
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types—wedge-shaped and round ; and that a remarkable symmetry can be recognised 
in their localisation—a symmetry which can easily be underestimated when the 
areas are at different stages of development. 


2. Secondary Degeneration. 


The absence of secondary degeneration has been, till recently, accepted as one of 
the cardinal characteristics of the histological picture. CHarcor related this feature 
to the preservation of the axis cylinders in the sclerotic tissue, and ScHuLTzE has 
shown that complete demyelination of the nerve fibre at a circumscribed level 
occasions no secondary degeneration even in the myelin sheath itself, and that this 
follows only a considerable alteration of the axis cylinder itself. 

The question of secondary degeneration is one not easily decided. A glance over 
the numerous illustrations of the spinal cord at successive levels will suffice to show 
that the zones of sclerosis are not followed in the usual sense of the term by 
secondary degeneration. It is probably frequently present, however, especially in 
late stages, but the ordinary difficulties of proving or recognising it in cases where 
numerous islets of sclerosis are present are increased by numerous factors. We have 
already referred to the frequent presence of diffuse changes which unite sclerotic 
areas or, on longitudinal section of the cord, are continued upwards or downwards 
as ““ Markschattenherde”: it is probable that some at least of these changes must be 
related to a commencing secondary degeneration. The destruction of the axis 
cylinders is, again, only relative in any one area, and in consequence, the secondary 
degeneration will affect only a certain percentage of the nerve fibres of one column 
or even of one bundle: its recognition as a secondary degeneration is thus rendered 
more difficult. Further, the sclerosis below or above any one level passes over the 
boundaries of a system degeneration and may even affect the whole transverse 
section of the cord—the element in this change due to secondary degeneration would — 
be impossible to trace. And, finally, more acute processes arising in the affected 
columns, without any loss of axis cylinders in areas above or below, may be explained — 
by an analogous process in the area under consideration. It may also be noted that 
numerous, though only microscopically evident, areas may frequently be found in 
the course of one and the same conducting tract. 

Changes outside the areas, such as the diffuse alterations of the myelin sheath, 
diffuse commencing alterations of the glia cells, similar dilatation and engorgement 
of blood-vessels and sieve-like dilatations of the adventitial lymph spaces and of the 
peri-vascular glia meshes, as the single expression of a not otherwise provable 
change, have all been referred to in the previous study. In late stages the blood- 
vessels throughout the whole central nervous system, and especially in the con- 
volutions, showed varying slight changes, similar to those within the areas. ANTON — 
and WoxHLWwILt have found the vessel infiltration sharply limited to the areas, but 
dilatation and engorgement throughout the whole cerebral white matter, 
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(6) ConcLuUsIon. 


1. General Features and Distribution of Areas in Case I. 


The number of areas was very large and their distribution throughout the central 
nervous system was very extensive. The parts most involved were the cervical 
enlargement of the spinal cord, the medulla oblongata, the pons, and the peri- 
ventricular tissue. The most striking histological feature was that almost every 
area showed evidence of an advancing process (figs. 64-69). The areas were thus 
wholly in an “early” stage or showed a peripheral advancing zone around a central 
condensed zone, and the impression the latter areas left was that the primary 
affection had never died down, but had gradually extended peripherally, while the 
central sclerosis had also extended eccentrically. A further striking feature was the 
presence of very extensive areas of “shadow” sclerosis, which united the areas of 
demyelinated tissue. It is unnecessary to enter into the structure of the areas, as 
this has been fully given in the earlier part of the study: the great majority were 
at the height of the fat granule formation and had not reached the stage of 
commencing glia fibril formation. 

In the spinal cord the cervical enlargement was very markedly affected: the 
dorsal cord much less so, except at the level of D 10, which showed a complete 
transection (fig. 58): the lumbar cord was also comparatively slightly affected, but 
almost the whole sacral cord showed a demyelination (fig. 63). The most striking 
feature of the cord affection was that with one or two exceptions no isolated areas 
could be traced. The exceptions were in the dorsal cord, and one of these (fig. 66), 
cut in serial sections, extended about one-third centimetre in longitudinal extent, 
and at each end gradually passed into normally staining fibres. The central portions 
of the posterior and lateral columns were the most densely sclerosed, but round the 
periphery of even these parts there was a zone more or less wide of fat granule cells ; 
and radiating vessels, with their lymphatic sheaths filled with similar cells, passed 


from this zone to the circumference of the cord. The frequent symmetry is well 


brought out in figs. 49 and 59. Bielschowsky preparations showed a marked 
diminution in the number of axis cylinders, and those persisting were swollen and 
stained faintly. The ganglion cells showed all stages of degeneration and at no level 
were they normal: numerous atrophic forms with central chromatolysis and absence 
of processes could be found in the demyelinated tissue at almost every level, where 
the grey matter was affected (fig. 410). The membranes of the lumbo-sacral cord 
were slightly thickened and infiltrated with cell elements. : 

The areas in the medulla oblongata and pons were much more sharply defined, 
as a rule, than those in the cord. Their most striking feature was the large number 
that showed a zone of “shadow” sclerosis around them. ‘This was specially evident 
in the areas occurring amongst the transverse fibres of the pons and grey nuclei, and 
such shadow sclerosis had here the same defined outline as the central area. The 
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nuclear areas on the floor of the [Vth ventricle were markedly involved and many 
of the cells filled with a dark brown pigment. Nearly all the cranial nerve roots, 
on both sides, entered into demyelinated tissue. The areas have characters similar 
to those of the cord, only a few showing any definite central condensation. On the 
other hand, large irregular areas were found which showed a complete demyelination 
without any marked glia cell proliferation or blood-vessel change or alteration in the 
axis cylinders either in number or calibre. A very beautiful illustration of such an 
area is seen in figs. 16, 17, and 421, in which can be seen the sharp, irregular outline 
of the demyelinated tissue and the continuation onwards of the axis cylinders, which 
intersect in the median raphé. These axis cylinders are tortuous and delicate, and 
their density, in Bielschowsky preparations, is the same as in normal conditions. 
The blood-vessels here are dilated and their walls also impregnated by the silver. 
The distribution of the areas in relation to the floor and walls of the [Vth ventricle 
and to the hilum of the dentate nucleus will later be referred to, but attention 
must here be drawn to the prominent imvolvement of numerous foliz in the 
cerebellum and of the almost symmetrical affection of the flocculi (figs. 27 and 28) 
and of their peduncles. 

The peri-ventricular sclerosis gave the impression of being the result of the fusion 
of sub-ependymal areas, and in individual sections such primary, wedge-shaped areas, 
with base to the ventricle, could be recognised. Around the lateral ventricles and 
their horns, on all sides, large isolated areas could be traced in the white matter: 
their connection with the peri-ventricular sclerosis, especially in the areas above the 
roof of the lateral ventricles, could frequently be definitely proved. Numerous fat 
granule cells were found distributed throughout the whole peri-ventricular tissue, 
and in the walls of the sub-ependymal veins. The ventricles were not dilated, their 
walls were smooth, and there was no change in the ependymal epithelium. 

The cortical areas were not very numerous compared to those found in one or two 
other cases, and there was an almost complete absence of the irregular demyelination 
of the superficial layers of the cortex. The contrast between the fat granule cells 
of the grey matter and those of the white matter was often well brought out 
(cf. figs. 69 and 396). Bielschowsky preparations of the cortical areas showed 
numerous axis cylinders. 

The optic nerves were extensively involved: the right was wholly demyelinated 
and showed a marked thickening of the connective tissue and glia trabecule (fig. 444). 
In the left nerve only one narrow strand of myelinated fibres could be found, but its 
whole length showed rows of fat granule cells (fig. 65). - 


2. Topographical Distribution in Weigert Sections. 


Spinal Cord. 
Cervical region (figs. 48-54).—At the upper part of the cervical cord only a 


deficient staining of the myelin was found, involving the antero-lateral column of 


/ 


THE HISTOLOGY OF DISSEMINATED SCLEROSIS. 627 


white matter with the adjacent anterior and lateral horns but sparing the area 
occupied by the direct pyramidal tract. A few sections lower this area increased in 
size and extended mesialwards to the anterior median fissure. A second area, of 
more complete sclerosis, is now present, involving the columns of Goll along their 
anterior two-thirds. This area increases very rapidly and soon forms a broad band 
along each side of the mesial line, both anteriorly and posteriorly, involving grey and 
white matter indiscriminately. The symmetrical distribution of the sclerosis is here 
very marked. Slightly lower, the early “shadow” area has almost disappeared, the 
large mesial area now extends laterally to involve the greater part of the posterior 
horn and column on one side and the corresponding third of the other side, and a 
third area has appeared on the opposite side in the crossed pyramidal tract. 

In the third segment four well-marked areas are visible: the largest involves the 
whole of the right lateral column with the exception of the fibres of Lissauer’s tract : 
on the same side a small triangular area extends outwards from the tip of the 
anterior horn. On the left side an irregular patch is present in the antero-lateral 
region, separated from the anterior horn by a narrow zone of normal fibres, while the 
fourth patch, roughly quadrilateral in outline, is found in the posterior columns and 
involves the centre of the posterior columns, extending slightly beyond the mesial 
line on each side. At a slightly lower level, each of these patches extends and leaves 
the normal tissue in the form of the letter H, while only a few sections lower there is 
almost a complete transection of the cord. 

A section across the upper part of the cervical enlargement exhibits only a small 
area, along the periphery of the left antero-lateral region of the cord, where the fibres 
were unaffected, and even this area had a small patch of sclerosis about the middle. 
On the opposite side small isolated groups of normal fibres are present near the 
internal margin of the anterior horn and at the posterior root entry zone. In C6 the 
previous groups of uninvolved fibres have almost disappeared. On the right side, 
however, the direct pyramidal tract and the greater portion of the posterior columns 
are unaffected, and in C7 the normal tissue is increased—the greater part of the 
posterior columns on both sides being normal, as well as a portion of the right lateral 
and left anterior columns. In C8, the normal tissue is again much diminished and 
consists of fibres on either side of the anterior median fissure and a portion of the 
posterior columns. At a slightly lower level the posterior columns become involved, 
only a few scattered fibres here and there escaping—the lateral column on one side, 
and the antero-lateral on the other also escape. In the lowest part of C8, the only 
' lesion is one large patch on one side, limited by the posterior horn of grey matter, 
extending over the whole antero-lateral portion, but allowing the direct cerebellar 
tract to escape. 

Dorsal region (figs. 55-58).—In D1, this patch of sclerosis has spread across to 
the opposite side, leaving only a small area on the lateral part unaffected. In the 
third segment only two early areas are found: one on the right side, involving the 
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crossed pyramidal tract, the posterior horn, and the adjoining fibres of the column 
of Burdach ; the other on the left side, extending lateralwards from the anterior horn, 
In the fifth segment there is one small oval patch in the region of the septo-marginal 
tract, and in the next segment two small patches appear, one in the centre of the 
left crossed pyramidal tract and the other towards the outer part of the column of 
Burdach. Still lower the whole of the anterior and antero-lateral columns with the 
anterior horn are completely sclerosed, with the exception of a few fibres along the 
direct cerebellar tract. In the eighth segment the sclerosis, which forms a quadri- 
lateral around the central canal, involves each anterior horn completely and the 
anterior fourth of the posterior columns. At the junction of D10 and D11 there is 
a complete transection of the cord, except a few fibres along the outer border of 
the anterior columns. 

Lumbar region (figs. 59-60).—At the level of the second segment one lateral 
patch involves the crossed pyramidal and ascending cerebellar tracts; in L3 this 
area shows an early “shadow” sclerosis, and another patch, circular, around the 
central canal, extends forwards along both sides of the anterior median fissure. 
Here also the sclerotic tissue shows a marked symmetry, which is slightly masked by 
the shadow sclerosis in the lateral region. At the junction of L4 and L5, both these 
areas are normal and three other, isolated, patches are present—one in the left 
antero-lateral column, one in the right lateral column, and one along the two sides — 
of the posterior fissure. 

Sacral region (figs. 61-63).—In the upper part one small patch passes forwards — 
from the tip of the anterior horn to the periphery, and on the left side three smaller _ 
areas are present related to lateral vessels. At the third segment one large area 
involves almost the whole of one side of the cord, with the exception of a small — 
portion near the median line. This area increases as we pass downwards, until it 
involves the whole of the lower sacral region and conus. The nerve roots of the 
cauda are normal. — 


Medulla Oblongata. 


Just above the decussation of the pyramids one small patch is found at the tip of 
the right substantia gelatinosa Rolandi—a patch which increases in size as it is traced 
upwards, when a symmetrical area develops on the opposite side (fig. 32). At the 
level of the middle of the inferior olive (fig. 35) there is a large area in the interior of — 
the left olive and a second smaller area at the margin of the opposite restiform body. 
Still higher, these patches become larger and more prominent, and involve almost 
the whole of one inferior olive and extend from it along the side of the medulla to 
the restiform body, which is also sclerosed. The opposite olive and restiform body ~ 
also show small areas (fig. 36), and another small triangular area is present between 4 
these structures, in the position of the tract of Gowers. 

At the upper level of the medulla (fig. 38) both lateral margins are involved by 
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irregularly-shaped patches. On the one side the outer half of the pyramid and of the 
inferior olive, together with the whole of the restiform body and the intermediate 
structures, are affected. On the opposite side the posterior outer quadrant of the 
inferior olive is involved in an area which sends a small prolongation into the 
formatio reticularis, and extends upwards to involve the outer parts of the restiform 
body—leaving the fibres in the middle intact and connected with the formatio 
reticularis by a narrow band of normal fibres. The entering VIIIth nerve on each 
side passes directly into sclerosed tissue; the fibres in their extra-medullary course 
stain normally. The vermis and the accompanying nodules are also involved, and 
the sclerosed area extends on each side of the roof of the [Vth ventricle, and passes 
into the hilum of the dentate nucleus—involving on one side the grey matter of the 
nucleus. Several of the medullary cores of the folia of the flocculus are demyelinated 
(figs. 27, 28, 39). 


Pons Varolit. 


As we ascend the brain stem the sclerosis becomes still more marked; the 
structures lining the floor of the [Vth ventricle are particularly affected, and in the 
lower part of the pons both lateral angles are profoundly altered (fig. 39). 

At the level of the lower third of the middle peduncles (fig. 40) patches are found 
reaching from the ventricle to the surface. The sclerosed area involves nearly the 
whole of one side of the pons, and extends over the median raphe to affect all the 
fibres of the mesial fillet: on this side the middle two-thirds of the pyramid escape 
together with a small tongue-like projection of normal fibres passing upwards into 
the inferior olive. The sclerosis here extends backwards along the floor of the 
ventricle and the lateral angle to the roof, and also laterally to involve the centre of 
the corresponding flocculus. On the opposite side a small area is present external to 
the inferior olive. The sclerosed tissue cutting across the middle peduncle is con- 
stricted in the middle, and thus is divided into two areas—one at the corner of the 
ventricle, and the other, at the zone of entry of the VIIIth nerve, extends into the 
white matter of the cerebellum and the corresponding flocculus. In the cerebellar 
white matter two small isolated patches are found, while in the folia several separate 
areas are present—one of which involves the vermis, two the junctions of the white 
matter and the folia, and others cut across the medullary cores of individual folie. 
The cranial nuclei in this region, which was cut serially, are all involved, the nuclei 
of the Vlth nerve, the cochlear nuclei, and the nuclei of Bechterew and Deiters. 

Slightly higher (fig. 41) the only normal tissue is in the middle line, both middle 
peduncles being obliterated. The normal tissue is intersected by several small areas 
in different stages of sclerosis, and is separated from the [Vth ventricle by a broad 
band. On the one side the sclerosis of the middle peduncle involves the whole of 
the restiform body, the emerging root-entry zone of the VIIIth nerve and the 


associated nuclei, and extends round the angle of the ventricle to the roof. Laterally 
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the sclerosis extends into the white matter of the cerebellum, the remaining white 
matter of which also shows numerous irregular patches in early stages. Several of 
the cores of the folize are also cut across by other small areas. 

Middle of the pons (fig. 41).—At this level the one middle peduncle is still involved 
by a large irregular area, which extends from ventricle to surface and involves most 
of the pyramidal fibres, the transverse fibres, the trapezoid fibres, the superior olive 
and associated nuclei, together with the nuclei around the IVth ventricle. On the 
opposite side the sclerosis of the middle peduncle is not so complete: one patch 
extends inwards from the surface and affects the outer pyramidal fibres, but does not 
extend further than the inner border of the trapezium. The floor, angle, and roof of 
the ventricle are also involved, and on this side two further areas occur — one 
destroying the superior olive, the other the trapezoidal and middle peduncle fibres ; 
while a central area involves the trapezium again and the adjoining portions of 
the formatio reticularis. 

Upper part of middle peduncles (fig. 42).—Here the aqueduct of Sylvius is 
surrounded by a well-marked ring of sclerosis, which extends to the surface, allowing 
only a few fibres of the superior cerebellar peduncles on each side to escape. On the 
one side this area extends laterally into the middle peduncle, almost completely 
obliterating it and sending a tongue-like projection into the fibres of the trapezium. 
On the other side the anterior third of the middle peduncle is affected, and the 
sclerosis extends postero-mesially and involves the grey matter of the pons, the 
corresponding fibres, and the middle of the pyramids. 

Upper pons (fig. 43).—The ring round the aqueduct of Sylvius is now slightly 
altered; the greater part of one superior cerebellar peduncle escapes, while the 
anterior part of the opposite peduncle is also free. The sclerosis extends laterally, 
and is continuous on the one side with a large area involving the middle peduncle. 
Three further sclerosed areas are found: one in the middle line involving the pontine 
grey matter and fibres, and irregularly-shaped, almost symmetrical areas which 
extend postero-mesially from the lateral side of the pyramidal fibres on each side 
and involve two-thirds of their fibres with the corresponding connections. 

At a slightly higher level the central oval area increases in size, while the sclerosis 
round the aqueduct diminishes, and is localised to one side. 


Junction of Pons and Mid-Brain (fig. 44). 


Three irregular areas here extend backwards from the surface of the pons. One, 


in the mesial line, reaches almost to the mesial fillet. This area cuts across, In 


irregularly-shaped, sharply-defined lines, the intersecting fibres of the raphe and the 
adjoining fibres on each side. The other areas, also irregular in outline, pass back- 
wards on each side of the pyramidal bundles, which are also partly involved. A 
fourth patch extends forwards, from the aqueduct of Sylvius, in the middle line and 


involves the posterior longitudinal bundle and the cells in the adjoining grey matter. — 
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At a slightly higher level (fig. 45) the mesial patch is found to extend inwards 
only a short distance from the surface, while another patch, commencing close to it, 
passes round the periphery of the pons on one side. Numerous other patches are 
present on the transverse section: three small areas towards the middle line; one, 
which reaches forwards from the aqueduct of Sylvius and extends laterally to involve 
the posterior part of one superior cerebellar peduncle ; and another small area at the 
anterior level of this peduncle. 

Still higher (fig. 46) sclerosed areas are present on the surface of the pons—on 
one side extending inwards to involve the mesial fillet. The sclerosis round the 
aqueduct of Sylvius involves it completely and sends a small projection forwards. 
In the centre of one pyramid a round “shadow” patch can be clearly identified, a 
second similar area is present in the middle line at the level of the mesial fillet, and 
a third at the lateral border of the mesial fillet. 


Mid-Brain (fig. 47). 

The aqueduct of Sylvius is now free, but an area occupies the mesial line in front 
of the commencing decussation of the superior cerebellar peduncles and another is 
found laterally and slightly posterior. A triangular area of sclerosis in the middle 
line extends inwards from the anterior surface, and two smaller lateral areas are 
present, one on the surface and one slightly internal. These areas are all sharply 
marked off from the surrounding tissue and bear no relation to any of the structures 
through which they pass. 


Sub-thalamic Region. 


In sections at this level an irregular patch is found in the anterior half of the 
mesial plane. The sclerosis extends outwards on each side into the red nucleus, and 
there are several small but well-defined areas in the ansa lenticularis on both sides. 
The aqueduct of Sylvius is surrounded by an oval patch, which extends outwards 
slightly beyond the grey matter. 


Cerebral Hemispheres. 


(1) Horizontal sections through the cerebral hemispheres at the lower part of the 
basal ganglia (figs. 23, 24). 

Peri-ventricular sclerosis—The most prominent lesion is that found at the 
posterior cornua of the lateral ventricles. These are both surrounded by large 
irregular areas of sclerosis, which extend at several points through the white matter 
to reach the surface of the brain. This is well marked on the inner side of both 
posterior horns, where the sclerosis cuts across the tapetum, the inferior longitudinal 
bundle, and the splenium, and reaches the surface at the parieto-occipital fissure. 
On the right side this area is continuous with another which extends from the 
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angle of the ventricle to the foot of the calcarine fissure. Several small isolated 
areas are found in the splenium itself. The anterior cornua of the lateral ventricles 
also show small patches of sclerosis at their tip, both very small in size however. 
The remainder of the ventricular surface is unaffected on the left side; and on the 
right side three isolated patches are found: a small oval area close to its anterior 
surface, a narrow band in the middle line, and a larger oval patch on the surface 
opposite the splenium. These are all related to the ventricular surface of the 


optic thalamus. 

Basal ganglia.—A small oval area of sclerosis is present in the centre of the left 
optic thalamus, but the right, except for its ventricular surface, is unaffected. A 
number of minute areas occur in the anterior and the posterior limbs of both internal 
capsules, while a larger area is found on the posterior surface of the mesial border 
of the right putamen. The left putamen contains two early patches. One area, in 
the right claustrum, extends to involve two of the convolutions of the island of 
Reil. In the left claustrum there are six small round or oval areas, each of which 
extends into the white matter on each side, and one reaches as far as the putamen. 

Convolutions.—The left frontal lobe appears normal with the exception of one 
strongly-marked oval area in the medullary ray and grey matter of the anterior part 
of the frontal operculum. An equally well-marked area is found at the posterior 
part of the calcarine region—extending from white matter directly to the surface. 
In the right hemisphere small areas occur in the white matter of the frontal lobe; 
a slightly larger one is present towards its anterior margin, extending into the 
medullary ray and grey matter of the gyrus. Two minute early areas are present in 
the middle of the white matter of the frontal operculum, and a number of narrow, 
irregular areas—some extending for a distance of over a centimetre—are found 
limited to the cortical grey matter of this operculum, both on its outer and inner 
aspects, and on the surface of the island of Reil itself. Similar patches occur in the 
greater part of the parietal region, together with a large number of minute patches 
and one larger one at the junction of the white and grey matter in the cuneus. In 
the occipital lobe, a large number of minute patches, at all stages of development, are _ 
present both in the white and grey matter. These are grouped mostly towards the 
mesial surface and especially around the calcarine fissure. A few early areas occur 
also extending posteriorly from the peri-ventricular area already described. 


(2) At the level of the roof of the lateral ventricle (fig. 26). 


The most striking feature at this level is the large irregular area occupying 
the whole of the outer wall and posterior tip of the ventricle. This sclerosis 
extends irregularly into the adjacent white matter and completely cuts across the 
superior longitudinal fasciculus. A number of isolated areas, in different stages of 
development, are found along the mesial wall of the ventricle : these extend into the 
corpus callosum. Several large round and oval well-defined areas are found in the 
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white matter, especially towards the occipital lobe—the largest of these measuring 
1X ? centimetre. 

In the convolutions one small area is present at the tip of the frontal lobe ; 
another occupies completely the medullary ray of the post-Rolandic gyrus; another 
is at the junction of the white and grey matter of the pre-cuneus, and two others, 
both circular in outline, occur in the grey matter of the calcarine region—one on 
the outer and one on the mesial surface. 

The opposite surface of the cerebral hemisphere at this level shows a very similar 
affection and distribution. 


(3) Above the ventricles (fig. 25). 


Numerous areas occur in the white and grey matter of both hemispheres. In the 
frontal lobe on the right side one large irregular patch occupies the centre of the 
white matter; several smaller areas are found on either side; and three early 
patches extend from the white matter into the medullary rays of the convolutions at 
the tip of the lobe. A small oval area is present in the post-Rolandic convolution at 
the junction of white and grey matter, while a smaller one is present in the white 
matter adjoining it. Another very well-marked area is present in the calcarine 
fissure: this extends from fissure to fissure, undermining completely the upper 
portion of the arcus parieto-occipitalis. Two or three small areas, confined to the 
grey matter, are also present in this region. 


(4) Horizontal sections through the temporo-sphenoidal lobe (fig. 29). 


Sections just below the floor of the descending and posterior horns of the lateral 
ventricle show on both sides large irregular areas of sclerosis, which represent the 
downward continuation of the peri-ventricular sclerosis which has affected both these 
horns. The areas extend from the white matter almost to the surface of the 
convolutions, and the anterior margins of the descending horns are similarly affected. 
The sclerosis involves the greater part of the course of the occipito-temporal bundle 
of fibres ; the convolutions in the region of the calcarine fissure are extensively 
involved—especially in the more superficial fibres of the grey matter; similar but 
more defined areas are present in almost all of the convolutions at the tip of the 
temporo-sphenoidal lobes ; and the fibres of the hippocampal convolutions are also 
markedly affected. 


3. Note on the Pathological Physiology. 


There is no disease of the nervous system in which the symptoms may be more 
varied, in origin and in succession, than in disseminated sclerosis, a fact which can 
be well understood when one considers the wide range and irregular distribution of 
the areas of sclerosis. These, as we have seen, may occur in almost any part of the 
nervous system, producing peculiar symptoms and combinations of symptoms, which 
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may be of short duration and are usually followed by periods of remission, after 
which a new series of symptoms may appear. Once definitely established, the disease 
is almost invariably fatal. The great variation in the nervous symptoms has resulted 
in a tendency, on the one hand, for any disease of nervous origin of which the 
symptoms are unusual or difficult to interpret to be classified as “ disseminated 
sclerosis”; while, on the other hand, the way in which the symptoms of a case of true 
disseminated sclerosis may simulate other nervous diseases has often led to errors 
in diagnosis. On account of the long duration of the disease in most cases, and the 
unsatisfactory results of treatment, patients are not kept in hospital for long periods 
of time, and thus the number of cases which come to autopsy is not large. 

The earliest symptoms of the disease are extremely variable, and depend solely 
upon the particular part of the nervous system affected by a patch. There is, 
however, a tendency for these patches to occur more frequently in certain regions, 
and thus certain clinical symptoms appear more commonly than others, and as a 
result are considered more or less pathognomonic of this condition. 

Of these symptoms one of the commonest is weakness of the legs. This is met 
with in a very large number of cases, and is associated in most with involvement of 
the spinal cord. It usually is progressive, and a spastic paraplegia develops. It is 
often accompanied by a number of more or less well-defined sensory changes. Such 
symptoms may result from one or more patches in the cervical or dorsal regions of 
the cord, involving the descending motor and adjacent sensory fibres. If the area 
involved be still lower, e.g. in the sacral region, then the only symptom may be a 
sphincter involvement. These spinal symptoms may be the only ones present, or 
they may be accompanied or followed by others due to involvement of the higher 
centres. Of these, the principal ones most commonly found are nystagmus, alteration 
in speech, and volitional tremor. These are largely due to want of co-ordination, and 
are the result of sclerosis spreading in from the ventricles. 

The eye symptoms are of special importance, and are very often the first sign 
of the disease. They often disappear quickly or may ultimately proceed to total 
blindness. They are the result of patches in different places in the optic path, the 
optic radiations as they pass near the descending horn of the lateral ventricle being 
commonly involved in the peri-ventricular sclerosis. The later and more serious 
symptoms, however, result from involvement of the more peripheral part of the 
optic path, namely, the optic tracts and chiasma. The affection of the eye muscles 
occurs so frequently from the close relationship of the structures innervating them 
to the ventricular spaces, the peri-aqueductal sclerosis found in the mid-brain 
- involving the third nucleus in many cases. The nucleus of Deiters and other 
vestibular nuclei situated at the angles of the [Vth ventricle are also specially 
liable to involvement, and there is no doubt that it is the proximity of these structures 
to the ventricles which accounts for their frequent involvement and the special 
diagnostic importance of nystagmus and visual symptoms. 
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The “volitional” tremor and scanning speech are also symptoms of the very 
greatest importance. They are both the result of defects of co-ordination. The 
tremor occurs only on voluntary movement and is absent during rest. In attempting 
to carry out any movement the arm jerks about in an irregular manner, the tremor 
becoming quicker towards the end of the voluntary act. This form of involuntary 
movement, we know now, results from affection of the cerebello-rubro-thalamo-cortical 
path. Injury to this path allows involuntary movements to occur by removing the 
steadying influence which it normally exerts upon the Betz cells in the motor area. 
If this influence be removed, steady innervation of the anterior horn cells is impaired, 
and the more the pyramidal path is innervated, the more obvious does the tremor 
become. Involvement of the cerebello-rubro-thalamo-cortical path may occur, thus, 
at many different levels, and any of these lesions may result in this volitionary 
tremor. That this path is specially liable to be affected is well seen in these cases 
here described, as in most of them patches were found at many different levels. 
They occur very frequently in the superior cerebellar peduncles, in the red nucleus, 
and in the optic thalamus. 

The relation of the symptoms to the areas of sclerosis found after death is well 
seen in Case I (L. W.). The symptoms in this case began with weakness of the legs, 
which passed off, recurred, grew rapidly worse, and terminated in a spastic paraplegia. 
This is obviously the clinical manifestation of the dense areas of sclerosis which were 
found throughout the spinal cord. These were obviously of long duration, and seem 
to have been the earliest manifestation of the disease. The patches which were found 
in the sacral region were also of an early date, and were responsible for the affection 
of the sphincters from which she suffered. The spinal cord lesions in this case were 
thus very extensive and appeared at an early stage of the disease. 

The next symptom of importance to appear was the volition tremor, with which 
We associate the patches in the superior cerebellar peduncle, red nucleus, and optic 
thalamus. These appeared also at a fairly early stage. The nystagmus was also an 
early symptom, and was undoubtedly associated with the peri-ventricular and peri- 
aqueductal sclerosis, only parts of the oculo-motor nucleus being involved. 

After a short time the symptoms followed each other rapidly. An extension of 
the patches in the cervical region caused sudden numbness in the left arm. This was 
followed by a rapid development of large patches in the pons, one of which, involving 
the VIIIth nerve, produced deafness in the right ear, and another, catching the facial 
nucleus, produced a right facial paralysis. These patches were found in an early 
stage and thus appeared late in the course of the disease. An extension still later 
of a patch involved the sixth nucleus, and led to diplopia from paralysis of the 
external rectus muscle. This was soon followed by the medullary patches which 
involved the XIIth nerve and nucleus, and led to a protrusion of the tongue to one 
side and slight difficulty in speech and swallowing. Later the vision suddenly 
became dim, and next morning she became totally blind. This was obviously the 
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result of the development of patches in the optic tracts and chiasma. Later the 
areas in the spinal cord became still more extensive, and the effects of a lower 
neurone lesion became evident, resulting in muscular wasting and emaciation. 
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To record these observations is the chief object of this paper: the secondary, but 
more difficult, task is to try to interpret them and to correlate the various concep- 
tions which emerge in the process. It may be stated at the outset that no satis- 
factory explanation of the pathological process in all its bearings has yet been put 
forward, and that all that can be done here is roughly to estimate the factors which 
have been at work. It has been already pointed out that different investigators have 
given a different meaning to the same histological picture, while others, working 
solely or largely with individual elective staining methods, have laid stress on the 
feature of the process which that staining method rendered prominent. One 
important group, working with glia methods, considers that all the changes are 
subordinate to the primary glia proliferation. Another group, working with 
medullated sheath methods, equally forcibly maintains the primary parenchymatous 
origin of the process ; and still others, working with diffuse stains, see in the changes 
in the blood-vessels the key to the whole process. From the histological point of 
view, therefore, the most important problems centre round the question of the réle 
which falls to the various tissue elements in the origin of the process. From 
a clinical point of view, on the other hand, the question of the nature of the 
process is of more interest. 

In the introduction it was briefly noted that it was necessary to discriminate 
between the nature of the process underlying disseminated sclerosis and its origin. 
In its nature it is due either to developmental causes, 7.e. those inherent in the 
individual, or to inflammatory causes, 7.e. those due to infections, intoxications, 
circulatory disturbances, etc.,—these two groups not being necessarily exclusive, as 
will be pointed out later. In its origin the primary change may arise in any of the 
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constituent elements of the nervous tissue—the neuroglia, the true nervous elements, 
or the blood-vessels. The views as to the developmental nature of the process are 
usually related to defects in the glia tissue, though a few writers refer to a “ con- 
genital degenerescence” of the true nervous elements. The views as to the 
inflammatory nature of the process are related again to primary changes in any of 
the tissue elements, and the factor or factors which bring the inflammatory changes 
into operation are admitted to circulate in the blood-vessels or lymph channels, and 
to exert their action primarily on the glia, the myelin sheath of the nerve fibres, or 
on the blood-vessel wall itself. 

The two views as to its nature strike at the very root of the chief difficulties met 
with in explaining the evolution of the morbid changes. The inflammatory nature 
of the process, in some form, was admitted by most of the earlier observers, who 
traced it chiefly to a primary change in the glia. This theory was later upheld, 
especially by French writers, who, however, traced the process chiefly to inflam- 
_ matory changes in the vessel walls, but such an explanation has appeared less certain 
since the works of SrrimMpeLL and MiLier. These writers stated that the special 
evolution of the disease, with its frequent marked remissions followed by aggrava- 
tions without apparent cause, was difficult to reconcile with the view of a toxic or 
infectious cause alone having engendered the condition. They also point out that 
- inflammation as a rule alters rapidly the axis cylinders and ganglion cells, which in 
disseminated sclerosis are frequently preserved, and, further, that inflammatory 
phenomena are often very difficult to trace. Recent research has greatly diminished 
the importance of these arguments by showing both that the long duration of the 
affection takes from the negative finding of inflammatory phenomena much of its 
significance, and that, even in disseminated sclerosis, the ganglion cells and axis 
cylinders frequently perish. 

For more than a quarter of a century after CHaRcot gave the first clinical and 
anatomical picture of the disease, it was looked upon as a distinct morbid entity, a 
chronic disease in which certain characteristic clinical and anatomical features were 
always present. Many later writers, however, have related it to a disseminated form 
of myelitis. They assert that previously only the final stages of the disease have 
been considered, and that, by suitable staining methods, areas may frequently be 
observed in the same case in all stages of development, from an area of inflammation 
into an area of sclerosis, from which all traces of inflammation have disappeared. 

To this argument it is replied that there exist two forms of the disease: a 
primary chronic form due to a malformation of the glia, and a secondary myelitic 
form en rapport with infection and intoxication. It is admitted, however, that in 
primary disseminated sclerosis the development of the focus may begin under the 
teaction of external factors as agents provocatewrs, but the disease is in no sense 
dependent upon these. In opposition to this, it is asserted that the separation into 


primary and secondary disseminated sclerosis is an artificial and arbitrary one, and 
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that no clinical or anatomical distinction exists between the two. An intermediate 
position is taken up by those writers who reconcile the inflammatory theory with 
the developmental one. They admit that congenital anomalies of the glia may 
become the point of origin of primary proliferations of the glia, but they believe that 
the blood-vessels distribute some toxi-infectious agent which settles there where the ~ 
gha is abnormal, and thus calls this glia proliferation into being. 

Turning now to the histological observations, it is necessary to ask: Do these 
throw any light: 

(1) Upon the Nature of the Process ?—Do the areas arise solely upon the basis 
of a gradually increasing glia hyperplasia, or on the basis of an inflammatory 
reaction, or on both? Further, are there sufficient grounds for distinguishing 
between the two ? 

(2) Upon the Origin of the Process?—If we admit a primary form of dis- 
seminated sclerosis of developmental nature, we have answered the question of its 
origin in the glia; but if we say that the underlying process is of an inflammatory 
nature, we thereby also say that the blood-vessels or lymph channels carry the 
ultimate causal factor to the tissues, but must further decide on which tissue 
element there is the first evidence of its action. 

(3) Upon the Etiological Factors postulated—chill, trauma, psychie shock, 
intoxications, infectious diseases, etc. ? : 

(4) Upon the Mode of Action of the Causal Agent, and the other questions 
which this consideration involves ? 

For the purposes of our argument it is assumed that the cases investigated were 
cases of disseminated sclerosis. This follows (1) from the clinical notes submitted ; 
(2) from the macroscopic findings of disseminated areas in spinal cord and brain, 
with the characters usually ascribed to this disease ; (3) from the recognised micro- 
scopic characters of these isolated or confluent areas in which were found absence 
of the myelin sheath of the nerve fibres, and varying degrees of glia proliferation, 
blood-vessel changes, and persistence of axis cylinders. 


(1) Narure or tHE ParHotocicaL PRocsss. 
1. Developmental. 

Miier has strongly upheld the view of the developmental nature of dis- 
seminated sclerosis, and has emphasised the distinction between the primary and 
secondary forms of the disease. Wuricmrt’s work showed that both from the 
morphological and biological points of view the neuroglia reacts as a true connective 
tissue. MiLier’s wider conception of this idea leads him to see that the ultimate — 
product of processes entirely different in their pathogenesis, but presumably all 
giving rise to focal disease of the parenchyma, may show disseminated sclerotit 
patches. He divides them, on the one hand, into those processes which always 
occur as the direct result of exogenous factors and lead to multiple focal degenera- 
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tions and inflammations, and, on the other hand, into a morbid condition which 
has one uniform circumscribed pathogenesis, being due not to any known external 
cause but to a congenital abnormal disposition of the glia. Among the former, he 
states, are those “comparatively rare” processes which have resulted in injury to 
the nervous tissue due to some apparently primary blood-vessel condition, e.¢. 
syphilitic or arterio-sclerotic disease of the vessels, or to a toxi-infective inflamma- 
tion in the form of a disseminated myelitis or encephalitis. In all these cases the 
histogenetic terminal product is a secondary disseminated sclerosis in the sense of 
Scumaus and Ziecter. In contrast to these is the “comparatively common’ 
disease caused by congenital disturbances of development, and termed by Scumavs 
and ZIEGLER primary disseminated sclerosis. This form, which presents distinct 
clinical and anatomical signs and may be looked upon as a multiple gliosis 


? 


(StRUMPELL), is the only true disseminated sclerosis. 

The essential anatomical signs of this condition are the following: (1) the foci 
are situated only in those parts of the nervous system which normally contain much 
glia; they tend to develop symmetrically and are often of considerable size, e.g. in 
the cord they may occupy the whole transverse section; their relation to the blood- 
vessel can be explained by the layer of glia—the glia limitans perivascularis—normally 
around the vessels. (2) Microscopically the foci consist of an excessive proliferation 
of glia, leading to a dense tissue which is never areolar: there is comparative 
integrity of the ganglion cells and axis cylinders in the area and a marked degenera- 
tion of the myelin sheath, with no secondary degeneration; and there is never 
evidence of a primary disease of the blood-vessels within the area. The foci, stained 
by means of Weigert’s myelin sheath stain, appear clearly defined and as if punched 
out, but, stained by Weigert’s glia method, the areas have not the same abrupt 
transition to the normal tissue—the proliferated glia becoming gradually lost in the 
periphery. In this circumstance MiLuLER found an argument for the primary glia 
origin of the process. He bases much of his description of the areas on sections, 
stained by Weigert’s glia method, lent to him by WeicerT himself. Sections so 
stained bring out very forcibly the enormous proliferation of the glia, and give the 
impression of a primary glia growth so out of proportion to the relative integrity of 
the ganglion cells and axis cylinders as to contradict any mere substitution pro- 
liferation. Mi.uer thinks it very striking that this colossal glia proliferation—the 
maximum found in pathological conditions (WrrcERT)—should be met with in a 
disease in which there is relative integrity of the true nervous tissue. 

The clinical signs are also typical, and Mirier thinks that secondary dis- 
seminated sclerosis can never successfully simulate Cuarcor’s classical picture in the 
marked distinctness of each symptom and the peculiarly characteristic course. In 
spite of the great variableness in the symptoms, which may simulate widely-differing 
diseases of the brain or cord, the diagnosis can always be established by a study of 
certain individual symptoms and groups of symptoms, and of the course of the 
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disease. This study will reveal. the fact—at first sight paradoxical—that the funda- 
mental features of the clinical condition are in the great majority of cases absolutely 
the same. There is usually no real exciting cause: it may commence suddenly, but 
more commonly has a subacute or chronic onset; and it shows sudden exacerbations 
with marked remissions, but is, on the whole, a progressive and chronic disease. 
Mier holds that the relationship between infectious diseases and disseminated 
sclerosis has apparent justification only in cases where the one disease immediately 
precedes the other, or where there is a direct transition of the one into the other. 
True disseminated sclerosis shows a marked preference for youth, and the fully- 
developed syndrome is very rare in childhood during the years when infectious 
diseases are most common. Cases showing a close time-relationship are very 
numerous, and clinical experience shows that external factors are quite insignificant 
in the etiology of disseminated sclerosis. Further, the idea of a direct causal rela- 
tionship appears incompatible with a satisfactory explanation of many of the char- 
acteristic features of the course of the disease. Disseminated sclerosis runs a chroni¢ 
course, and Miuuer asks if the typical exacerbations in its course are to be explained 
by inferring that the various exciting agents of scarlet fever, diphtheria, etc., cireu- 
late for months or years and become deposited in the foci to give rise later to fresh 
infection. On the same grounds, Miiier thinks it unlikely that disseminated 
sclerosis is caused by the action of metabolic products derived from bacteria (toxins), 
as in post-diphtheritic nephritis or polyneuritis. For this we would have to suppose 
that the products of metabolism from absolutely different bacteria and of entirely 
different chemical composition could give rise to absolutely similar foci, and also that 
a paroxysmal increase and decrease in the action of the toxin accounts for the exacer- 
bations and remissions. He further thinks that such meta-infectious diseases are 
more likely to produce diffuse and system diseases than focal processes. True dis- 
seminated sclerosis, just as Friedreich’s ataxia and psychoses due to congenital 
disposition, may develop at the conclusion of an acute infective disease, but all 
recognisable exogenous factors, which in a small minority of cases have a definite — 
time-relationship with the commencement of the clinical symptoms, are capable only 
of acting as agents provocateurs—given an existing predisposition to the disease— — 
making manifest or aggravating the condition. Infectious diseases may, however, 
aive rise to a disseminated disease of the central nervous system, which may develop — 
into a secondary disseminated sclerosis, but its pathogenesis, course, and histological — 
details differ from true disseminated sclerosis. So-called acute disseminated sclerosis 
is to MULLER simply a disseminated affection of the central nervous system, which 
really belongs to disseminated myelo-encephalitis. In the rare cases in which it is 
difficult to make a pathological diagnosis between true disseminated sclerosis and the 
secondary forms, a consideration of the whole clinical condition and especially of the 
course of the disease will decide. 
M@LLER points to the fact that, so far as we are aware, there are no exogenous 
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factors which seem to produce in any other organ the development of a process com- 
parable in any way to disseminated sclerosis as a strong argument in favour of its 
endogenous or developmental origin. By tracing true disseminated sclerosis to 
“abnormal congenital conditions,’ he simply differentiates it from forms due to 
recognised exogenous factors. He is in no way satisfied with this explanation, and 
states that further investigation must seek to discover the organic basis of such 
abnormal congenital conditions. 

It is thus seen that the explanation of a “ multiple gliosis” in Srriimprty’s and 
MULLER’s sense is very similar to that given for certain groups of tumours, which must 
be related to embryonal defects. Rrircuts, discussing the etiology of tumours, states 
that the soundest ground for assigning congenital defect exists when the tumour 
arises in some part of the body where at some stage of fetal life the cells of one 
tissue must push aside those derived from another in order to attain their ultimate 
natural position: the sequence being that during the building up of the body the 
cells thus detached or pushed aside, after being embedded for a longer or shorter 
period, take on a vegetative activity and assume the characters of a tumour. 
Méiter claims that the favourite sites for the development of this gliosis are those 
which in the embryonal period show specially active processes of growth, or where 
two surfaces come together and fuse in later development (“ Kielstreifen”), or where 
the marginal zone of the embryonic nervous system is pushed inwards by the 
ingrowing vessels. At such sites developmental disorders, such as germ invagina- ~ 
tion or detachment, might set in very readily. The ventricular surfaces and the 
peri-central tissue normally contain much glia, the postero-median septum and 
the optic chiasma are formed by such “ Kielstreifen,” and the marginal glia zone 
and the peri-vascular glia zone represent tissue carried inwards during development. 
Areas are, therefore, not necessarily related to blood-vessels, and when so related 
it is in virtue of the peri-vascular glia layer which surrounds their adventitial sheath. 
The frequent symmetry of the areas is related similarly to the glia and not to the 
distribution of a toxin by the blood-vessels. 

The sequence of the process, as has already been pointed out, is a gradually 
increasing hyperplasia of the abnormal glia in these sites of predilection. This 
results in a disappearance of the myelin sheath of the nerve fibres, partly through 
direct compression, and perhaps indirectly by derangement of the circulation. No 
fat granule cells need necessarily appear at first, but in the zone surrounding the 
compact area there may be a secondary reaction to the products of degeneration, 
leading to a combination of primary and secondary proliferation with peripheral 
progress of the process. Here fat granule cells would appear as indications of a more 
recent process but by no means of an exogenous inflammatory one. The blood- 
vessels within the sclerosed area also show changes which are entirely secondary to 
the sclerotic process, which, in consequence of the peri-vascular glia layer, is 
specially marked immediately around the vessel, 
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Areas in secondary disseminated sclerosis, on the other hand, are stated to be 
of an “areolar” type: there is much greater involvement of the axis cylinders 
and ganglion cells: there is seldom any sign of real sclerosis—only the remaining 
gla network is present or a slight consolidation of it, which sets in concentrically 
from the normal tissue, not excentrically from the abnormal glia predisposed to 
proliferation: the blood-vessel changes are marked, and the dependence of the 
areas on the altered vessels is striking; and the foci are, as a rule, smaller in 
size, are frequently followed by secondary degeneration, and are often limited 
to the cord. Clinically, also, the disease occurs in definite relation to varied 
toxi-infective processes: after a shorter or longer period the symptoms either 
steadily progress or gradually recede to more or less complete recovery; and 
there is an absence either of any striking fluctuations during its course or of 
any further relapses. 

In all the six cases examined by him, Miiier found, histologically, a complete 
absence of the undoubted components of inflammation, and, clinically, in eighty 
cases, an absence of toxi-infective processes in the anamnesis. He therefore felt 
justified in excluding exogenous factors and falling back upon developmental causes. 
It is difficult to criticise so important and careful a work as MULLER has given in 
his monograph—the chapter on the diagnosis and differential diagnosis alone extends 
to a hundred pages. It is there stated that more than twenty different diseases of 
the nervous system may be simulated by disseminated sclerosis, that a typical case 
is one of the most readily recognised diseases of the nervous system, but that 
atypical forms constitute by far the greatest proportion. We are here more concerned 
with the histological data, and these, as given in the monograph, are very slight. 
Several staining methods are briefly mentioned, but reliance has been placed chiefly 
on specimens lent to him and stained by Weigert’s glia method, and also on 
Weigert’s myelin sheath and Marchi-stained sections. The latter showed at the 
periphery of the areas an extending process, but all the areas examined in each case 
showed a dense, compact glia structure, and nowhere was there any indication of 3 


¢ 


soft, z.e. early areas. 

In all the nine cases examined by me there have been present side by side with 
dense areas, or forming an outer zone to such, very numerous foci in which transitions 
could be traced from “early” areas with numerous fat granule cells—the criterion 
taken by many writers for the existence of an inflammatory reaction, and which for 
the present I accept—to areas of almost complete sclerosis in which there was no 
indication even at the periphery of an advancing process. But such complete 
sclerosis was comparatively rare: even in the most advanced case, many of the areas 
showed the presence of fat granule cells in the walls of the vessels both within the — 
area and leading from it: and the great majority of the dense areas showed a central ’ 
sclerosis, gradually becoming less as it passed into the normal tissue, and this 
transition zone gaye the impression that had time been given it would have under- 
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gone an excentric spread comparable to the central gliosis. The end result, then, 
of all such areas would probably have been a compact gliosis in which were very 
fine meshes not in the least similar to those of the areolar areas described by 
Miéisr as characteristic of secondary disseminated sclerosis. The examination of 
many hundreds of areas has satisfied me that “early” areas—so-called areas of fat 
granule cell myelitis—can develop into areas of compact gliosis with all the 
characteristics of those described by MULLER as typical of true, primary disseminated 
sclerosis. None of the cases could be described as “acute multiple sclerosis,” taking 
this term in the sense MarpurG and DInKLER have used it. In Case I, which has 
the shortest clinical course in the series, the illness had lasted fifteen months and 
death had resulted from diarrhcea and exhaustion. In this case no fewer than fifty 
different areas were examined by the Marchi method alone, and four-fifths of these 
showed fat granule cells distributed throughout the whole affected tissue. In the 
other areas these cells were limited to the periphery and to the vessel walls, while 
the centre of the area was composed of a dense glia feltwork with numerous axis 
cylinders in the fine meshes. In only two areas was there a complete absence of 
any such signs of inflammatory reaction. In the very numerous areas examined by 
other staining methods, a similar structure could be demonstrated and in similar 
proportions, for the areas chosen for the Marchi method were taken irrespective of 
their macroscopic soft or hard consistence. 

I am in agreement with MULuer’s statement that the glia tissue had frequently 
not the same abrupt definition as the demyelinated tissue. Though not using 
Weigert’s glia stain, it was often quite evident that the myelin sheaths at the 
margins of the area, in longitudinal sections, were thrust asunder by proliferated 
glia tissue. This, however, need not necessarily be explained on the ground of a 
primary glia proliferation (see p. 666). I am further in agreement with Miiuer 
that the most frequent sites are the peri-ventricular and peri-central tissue, around 
the postero-median septum, in the lateral columns, and with the marginal glia zone 
asa base. Why certain parts are predisposed it is difficult to say, and this question 
must be discussed later. More easy to understand is the frequent remarkable 
symmetry emphasised by Miiier. This has been entirely confirmed, especially 
in cases where there was an almost complete transection of the cord, when the 
symmetry was perceptible in the marginal portions of preserved fibres, and again 
when both the lateral columns were affected and marginal zones were left corre- 
sponding to the dorsal cerebellar tracts. Mtiuer’s explanation of this symmetry 
has been referred to, but it may also be explained by the possibility of the two 
halves of the cord being exposed at the same time to a diffusely acting agent in 
the blood-vessels. 

Mi .er’s essential arguments are (1) that the participation of the blood-vessels 
within the area is only a secondary one, and (2) that the glia proliferation is far 
more than reparatory. In discussing the origin of the process we must refer to 
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both of these points and also to SrRiiMPELL’S view that the vessels throughout the 
body, not solely in the central nervous system, would be affected were it an 
inflammatory process. But it may be stated here that SrRimPELL and MU LLiER’s 

view of a “multiple gliosis” is scarcely tenable for the cortical areas, which 

have been proved not to consist of proliferated glia fibrils, and for areas in the 

peripheral nerves. The latter, however, if their existence can be demonstrated, — 
might well be analogous formations—consisting of a proliferated, interstitial tissue 

whose origin is in the Schwann’s sheath, in virtue of its ectodermal derivation 

from the neural crest. 

From a comparison of the histological study with the above statements, it will be 
seen that | am not in agreement with MULuier’s view that the areas in disseminated 
sclerosis arise solely on the basis of an increasing glia hyperplasia, and that they can 
be always separated from those arising on the basis of an inflammatory reaction. In 
this study there is overwhelming evidence that the great majority of the areas have 
arisen on an inflammatory basis and that a small minority have arisen on the former 
basis. The end result of both is a tangle of glia fibres. During the process of the 
gradually increasing glia hyperplasia it is possible, especially in the lateral columns 
of the cord, to differentiate this mode of formation of a sclerosed area, and I relate 
such not to a developmental defect of the glia, as MiiierR and Srriimprty have 
done, but to a special reaction in the glia, according to the nature and intensity of 
the causal factor (see p. 666). We have therefore not two affections, or necessarily 
different stages of the same process, but one causal factor which probably acts with — 
varying intensity. | 


2. Inflammatory. 


Having therefore given adherence, on the grounds of an exhaustive study of nine 
cases of disseminated sclerosis, to the inflammatory nature of the process underlying 
this condition, it must now be considered briefly what is meant by inflammation in | 
the central nervous system. ; 

It is usual to classify the varying histological pictures in the processes termed 
“inflammatory” in the central nervous system into parenchymatous and interstitial, — 
analogous to the processes in the glandular organs of the body. But the conception 
of a purely parenchymatous inflammation in the central nervous system has little 
anatomical support, for the evidence of changes of a regressive nature in the nerve 
cells, axis cylinders, and myelin sheaths is accompanied by evidence of progressive 
phenomena in the.other tissue elements. It is not possible, therefore, to draw any 
clear distinction between simple tissue degeneration and inflammation, and it 1s_ 
usual to designate as “‘myelitis” both the processes, which are from the — 
distinguished by inflammatory exudations and cell infiltration, and those which begin - 
as degenerations and only in their further course are connected with pathological 


ce 


exudation or proliferative processes. 
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When, therefore, the inflammatory nature of the process is referred to, it is as a 
reaction process and one not necessarily associated with exudation of fluid and cell 
infiltration of the vessel walls. All changes which reveal any kind of progressive 
phenomena in any of the tissue elements are therefore included in this view of 
inflammation. Later the relations of disseminated sclerosis to acute and chronic 
myelitis must be referred to, but the widely varying views regarding the true nature 
of “acute myelitis” may here be touched upon. Many clinicians have given this 
name to all diseases of the spinal cord, the symptoms of which cannot be traced to 
an isolated affection of individual portions of the cord or systems of the cord. Others, 
before applying the term, make the additional condition that an inflammatory process 
should really be present. The conditions under which it is justifiable to entitle a 
disease “ myelitis” are not yet defined either clinically or anatomically, and it is the 
anatomical substratum of the disease, when known, that usually defines the idea of 
the disease. Bastian, arguing largely from the similarity of the morbid changes to 
those occurring in the brain, which are due to thrombosis, has long maintained that 
the great majority of cases are really “thrombotic softening of the cord” rather 
than an infiltrative myelitis. An ischemic softened area in the brain, in which great 
numbers of phagocytic cells, associated later with proliferation of the supporting 
tissue, are present, is not usually looked upon as an encephalitis. Itis the custom to 
identify this finding by the name of “ softening,” and yet it is much rather a reactive 
condition that has set in secondarily, and is a secondary inflammatory reaction— 
secondary to the presence of the degenerated products. A similar condition may 
oceur in the spinal cord as a result of thrombosis of the spinal vessels, and the reactive 
phenomena are here again not due to the primary cause which produced the tissue 
necrosis. On the other hand, as a result of toxi-infective agents, it is possible to get 
(1) typical cell infiltrations of the vessels and surrounding tissue ; (2) simple degenera- 
tions of the tissue, in which the so-called inflammatory vascular changes may be 
absent ; or, further (3), actual inflammatory softenings of the tissue. In the latter two 
forms we again get later reactive changes in the tissue elements, and these may be 
secondary to the tissue degeneration, or simultaneously called forth by the primary 
causal stimulus. Are such conditions to be termed inflammatory only when the 
primary blood-vessel wall changes are inflammatory ? or is it not possible to recognise 
the complicated inter-reaction as an inflammatory process? Clinically, we cannot 
yet distinguish parenchymatous and infiltrative myelitis, nor these from acute 
inflammatory softening and acute thrombotic softening. Pathologically, it is sutiicient 
to distinguish two main types in which myelitis may show itself: (1) Infiltration— 
a form to which some would limit the term “acute” myelitis; (2) softening—to 
which the term “myelomalacia” has been recently applied—a form which may be 
very varied in degree from the degeneration of a limited number of nerve fibres, in 
which the process is more probably subacute, to the necrosis of a large area, in 


which the process is more likely to be acute in onset. 
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(2) Irs Oricrn. 


It is necessary now to discuss the question of the structural element of the — 
nervous tissue in which this inflammatory process has its origin. In the fully 
developed sclerotic area changes are evident in relation to the myelin sheath of the - 
nerve fibre, the glia, and the blood-vessels. It is important to recognise on which 
tissue element the causal agent, circulating presumably in the blood-vessels or lye 
sheath of the blood-vessels, first produces its effect. : 


1. Changes in the Neuroglia Tissue. 


CuarcoTt defined the histological picture of disseminated sclerosis as a chronic 
interstitial inflammation leading to a gradually increasing glia hyperplasia. This 
view is so frequently confused with that formulated by SrrimpELL, ZIEGLER, and 
‘ MéLLER, in which there is also a gradually increasing glia hyperplasia, that at the 
risk of a too frequent repetition the distinction between the two must be emphasised. 
STRUMPELL'S view is that abnormally placed glia cells take on a latent vegetative 
activity, and produce a multiple gliosis, while CHarcot holds that an exogenous causal 
factor stimulates the glia anywhere within its range to a marked glia fibril formation. 
The sequence of the process appeared to him to be the following : the multiplication of — 
the glia nuclei and concomitant hyperplasia of the reticulated fibrils of the glia consti- 
tute the initial fundamental fact and necessary antecedent ; the degenerative atrophy 
of the nerve elements is consecutive and secondary, and ihe hyperplasia of the vessel 
walls plays merely an accessory part. Disseminated sclerosis is, therefore, looked upon 
as a primary and multilocular chronic interstitial myelitis and encephalitis. The con- 
tention of a primary glia change is based on the presence of glia hyperplasia, while 
as yet there is little or no evidence of either an alteration of nerve fibres or changes 
in the blood-vessels, and also on the fact that at the periphery of the areas, where 
presumably the morbid process is still active, there is a marked increase of glia cells; 
here, also, are the evidences of the strangling of the nerve fibres by the glia fibril 
formation. The substance of the argument of those who support this view seems to — 
lie in the acknowledged fact that in many areas the glia proliferation is far in excess 
of that required as a mere reparatory or substitution process, and that it must there- 
fore be looked upon as a productive primary stimulation. WurrtcERT, whose views — 
on such a subject necessarily carry great weight, believes that the maximum of 
pathological glia fibril formation is seen in this disease. 

The presence of areas, especially in the lateral columns of the cord, of a gradually 
increasing glia hyperplasia, has already been indicated, and their comparative rarity | 
in this study emphasised. I am, therefore, not in general agreement with this” 
view, seeing it applies to so few of the areas, but in isomorphous sclerosis it 18 
probable that the reaction phenomena may be all the more marked when the tissue 
is not greatly altered, and this would account for the colossal glia proliferation. 
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In the changes in the optic nerve also, there were evidences of a primary change 
both in the connective-tissue elements of the endoneurium and in the glia septa. 
Similar changes are described by FLemrne in retrobulbar neuritis in cases of intra- 
eranial tumour, and are ascribed by him to a toxic condition of the cerebro-spinal 
fluid. In other areas, especially where there was a gradual atrophy of the myelin 
sheath, an indirect action of the sclerosis on the nerve fibres could be traced, 
possibly by the sclerosis limiting the expansion of the blood-vessels, and inter- 
fering with the nutrition of the nerve fibres, but it is far from this to the direct 
compression causing destruction. 

In referring to the histological study it will be noted that I seem to be in 
further agreement with the supporters of this view in looking upon the first change 
as being evidenced in the glia tissue. There it has been stated that an enlarge- 
ment of the protoplasm and protoplasmic processes of the normally existing spider 
cells was the first change visible, but this must be referred rather to the difficulty 
of recognising, by such staining methods, an early change in the nerve fibre, and 
a change in isolated glia cells must be looked upon as being in the great majority 
of cases simultaneous with or possibly later than that in the myelin sheath. It 
has also been repeatedly stated in the histological study that the enlargement and 
proliferation of the glia cells can be traced amongst the normal fibres at the margins 
of the demyelinated tissue. This change and the presence of the nucleated peri- 
pheral zone of glia cells seem to us to be not necessarily a proof of the primary 
and essential change being related to the glia elements. Its possible significance 
will be referred to later in relation to the varying factors which may influence the 
development of the process, for it is important to recognise that the areas do not 
always develop proportionately. 

A brief allusion may be made to the various functions attributed to the 
neuroglia. It is no longer held that the glia cells and their processes conduct 
the nutritive substance from the vessels to the nerve cells and fibres, and it is also 
probable that the neuroglia must be looked upon as more than a supporting 
structure or as a tissue element which serves to isolate the ramifications of the 
neurones. Lucaro has put forward the interesting and suggestive view that the 
glia serves to transform the products of metabolism of the nervous tissues and to 
render them inoffensive—the peri-vascular glia thus acting as a filter. NaGnorrTs 
and Bases have both ascribed to the glia cells a secretory action in virtue of their 
derivation from epithelial cells. 


2. Changes in the Nerve Elements—Nerve Fibres and Ganglion Cells. 


‘ ’ 


Repuicu, Huser, Storcu, and others have contended that the “noxa” acts 


directly and primarily upon the nerve fibre before there is any trace of glia pro- 
liferation or vessel alteration. This change may be purely degenerative or an 
actual inflammatory degeneration, The interstitial changes in the glia may be, 
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therefore, on the one hand, secondary to the parenchymatous degeneration, or, on 
the other, also productive—passing beyond the bounds of a substitution process. 
The view that the toxic agent has an affinity for myelin has been supported by 
numerous recent writers: eg. MarsurcG speaks of the process as essentially a 
“lecitholysis,’ and Morr thinks it might be explained by the slow, limited, and 
localised action of some “lipolytic” ferment which attacks the myelin covering 
of the nerve fibres. 

In our histological study it has been pointed out that numerous small areas 
occur in which there is no appreciable change but a demyelination of the affected _ 
tissue. This is well brought out in Weigert myelin sheath sections, but in 
normally-evolving areas it is more apparent than real, for sections stained by 
Heidenhain’s iron-hematoxylin almost invariably show that in such small areas 
the slightest demyelination is accompanied by a commencing glia cell proliferation, 
which continued parallel to, or even exceeded in proportion, the destruction of the 
myelin sheath. On the other hand, numerous areas are present in which there is 
a complete absence not only of the myelin sheath but of all signs, in the presence 
of fat granule cells and proliferating glia cells, either within the area or at its 
periphery, of an extending process, and in such areas the abundance of the glia 
does not justify the name of sclerosis. Here, again, it is probable that varying 
factors have been at work to alter what may be looked upon as the normal evolu- 
tion of a sclerotic area. Arguing, however, from the presence of such areas, ] am 
in entire agreement with the view that the most constant and uniform change is 
the absence of the myelin sheath: this usually commences as an early swelling, 
varicosity, and faint staining, which passes into a finely granular degeneration. 

The gla proliferation, in the great majority of the areas, is, therefore, called 
forth by two factors: it is immediately occasioned by the stimulant action of the 
“noxa” which caused the degeneration of the nerve fibre, and it is secondarily 
brought about by the degenerated products of the parenchyma. ‘The latter effect- 
is explained in part by the irritant action of these products and in part by the 
well-known conception of Weicrrt (“ Wegall von Wachstumhindernisse”) that the 
constituent tissues of an organ are usually in a state of equilibrium, so correlated 
to one another that no cell can disappear without its place being taken by hyper- 
plasia of the surrounding tissue. THoma has suggestively applied this conception 
to explain the comparative absence of glia in the cortical areas. He points out 
the importance of considering two factors in the sclerosis: (1) the proved resisting — 
power that the ganglion cells and axis cylinders show, and (2) the non-resistance 
of the myelin sheath, and he thinks that these two opposing factors account for 
the proportionate development of a sclerosis. In the medullary rays and at the 
base of the radiations in the cortex, where the myelinated fibres lie close together, 
their extensive degeneration brings about a marked sclerosis, but in the actual 
cortical layers two unfavourable factors—few myelin sheaths and a trifling glia 
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content—meet with a resistant factor in the numerous ganglion cells and axis 
cylinders, so that there results a sclerosis so limited that numerous authors state 
that it does not exist in the cortex. 

CasaL and MariIneEsco, in relation to the satellite cells of the grey matter, have 
also developed WercERt’s conception. It is maintained that the nerve cells and the 
gha cells develop parallel to one another, and that in the normal state there is 
established a nutritive equilibrium between these two elements. This equilibrium 
probably is maintained by the secretion of certain substances—elaborated by the 
nerve cell—which hinders the excessive development of the glia cells. The nerve 
cells and satellite cells, therefore, constitute a kind of symbiosis, but Morr thinks 

that the proliferation of satellite cells seen in acute toxic conditions is due to a 
failure of assimilative metabolic processes in the nerve cells as a result of the poison. 
There is, therefore, more nutriment at the disposal of the satellite cells, and they 
are thereby stimulated to proliferation. 

In the description of areas in the grey matter, it has been shown that the 
involved ganglion cells in the cortex were frequently surrounded by proliferating 
satellite cells of various forms with numerous fine black granules in their protoplasm 
and branching processes (osmic acid), and at other times almost replaced by nests 
of proliferated satellite cells. In the grey matter of the spinal cord, on the other 
hand, no such satellite cells were ever found, and the ganglion cells seem there to 
undergo simply a gradual atrophy. 


3. Blood-vessels and Lymphatics. 


The general agreement of the areas, especially of isolated cerebral areas, with the 
topographical distribution of the blood-vessels has long led to the belief that these 
were primarily affected in the diseased process. ‘The changes in the vessels may be 
‘expressed, however, in very various ways: a chronic inflammation of the walls of 
the vessel may affect the nutrition of the area supplied by it: primary thrombosis 
or thrombosis secondary to irritation of the intimal lining, by toxins circulating in 
the blood, might lead to similar malnutrition: some effect, toxic or mechanical, on 
the intimal lining may lead to minute capillary hemorrhages: a primary acute 
vascular change with peri-vascular cell infiltration —a true inflammation in the 
generally accepted sense of the term—might extend to involve the adjoining 
tissue: or, finally, the vessel wall changes might lead to adhesion and closure 
of the lymphatic sheaths with a subsequent lymph stasis in the tissues. Hach 
of these views has its adherents, and it is necessary briefly to indicate the sequence 
of the changes. 

RINDFLEIScH thought that the chronic changes in the vessel walls (the cause of 
which appeared to him quite unknown) was followed by an atrophy of the nerve 
elements from malnutrition and a secondary glia proliferation. It is evident that 
the areas in which such chronic vessel changes were found must have been old 
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sclerotic areas, in which the changes may be the effect of the sclerotic process 
and not its cause. 

Rresert thought that the exciting cause of the inflammation circulates in the 
blood: that owing to its presence a clot is formed at some part of a small blood- 
vessel ; and that at this point an irritation of the vessel wall is set up with a peri- 
vascular inflammation, which extends to involve the surrounding tissue—causing 
degeneration of the nerve fibres and an active proliferation of the glia. The 
liability to thrombosis after the acute specific infections is well recognised, and 
French writers especially have suggested that multiple thrombi form owing to an- 
altered condition of the blood or of the vessel wall. In the area of supply of such 
vessels there would appear ischemic degeneration, followed by phagocytic cells, and 
a substitution glia proliferation. It is pointed out that such areas, unless examined — 
shortly after the thrombus formation, would reveal no trace in the vessel of the 
cause of the focal degeneration. Amongst recent writers SIEMERLING and RAECKE 
have attached considerable importance to the presence of capillary heemorrhages. — 
In all the areas examined by them, and especially marked in the cortical areas, were 
minute hemorrhages which were looked upon as the first evidence of the inflam- 
matory process, and the cause of the initial fibre degeneration. 

During the course of this investigation, a large number of small isolated areas, 
both in the brain and spinal cord, have been cut in serial section with the object of — 
tracing the possible presence of thrombosis or of capillary hemorrhages. In a few 
instances, especially in the lateral vessels of the cord and medulla, there have been 
found aggregations of white cells and the presence of fibrin, which have been taken 
as indications of intra-vital thrombosis, but nowhere has evidence been present of 
organisation of such thrombi nor of alterations in the vessel walls in relation to — 
them, nor have these been always in relation to sclerotic areas. Again, in close 
relation to the engorgement of the blood-vessels, both within and without the areas, 
small hemorrhages have been found. These, however, show no changes, and were 
looked upon as probably the result of the respiratory difficulties before death. The — 
vessel walls also showed no changes which would explain the hemorrhages, nor 
were there any signs of inflammation around them. Keeping in mind the 
difficulties in recognising small thromboses after actual sclerosis has set in, and 
also the admitted long time that extravasated blood may remain unchanged in — 
the nervous tissues, it is difficult to account for the origin of sclerotic areas in such 
primary changes. The absence of any histological evidence of changes in the vessel 
walls associated with thrombosis or hemorrhages is quite incompatible with a 
primary vascular lesion in this sense. 

To true inflammatory changes in the walls of the blood-vessels a primary 
significance has been ascribed by a very large number of writers. “In the early 
stages inflammatory alterations, with small-celled infiltrations, can be recognised 
in the vessel walls.” ‘The primary vascular inflammation determines a peri- 
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vascular embryonic infiltration.” “In recent areas the reactionary vascular 
phenomena are entirely out of proportion to the myelin degeneration.” Such 
statements, asserting the primary inflammatory character of the lesion in the 
vessels, can be found extensively throughout the literature of this subject, together 
with statements which show that the “granular cell myelitis” is also taken as a 
proof of the presence of an acute inflammation in the vessel walls. The sequence 
of the process is either that the primary affection of the vessel wall is transmitted 
direct, by a progressive diffusion, to the surrounding tissues, causing a solution of 
the myelin and a reactive interstitial inflammation, or the agent causing the 
inflammation is restricted to the vessels and causes in these first of all alterations, 
through which are produced changes in the nutrition of the surrounding tissue, 
which are no longer inflammatory but purely degenerative. 

It would a priort be thought natural that an irritative substance circulating in 
the blood would, in its filtration and diffusion into the tissues, stimulate the 
capillary endothelium and cells of the adventitia to proliferate, and that its first 
effect would thus be on the vessel wall through which it passed. In this investiga- 
tion special importance was attached to this point, and a reference to the histological 
study will show that it was impossible to trace, except in rare instances, a primary 
proliferation ‘of the capillary endothelium, or a primary increase in the nuclear 
content of the adventitia. The first cell infiltration of the vessel wall was one of 
fat granule cells in the adventitial lymph spaces, secondary to the resorptive 
processes: this called forth a secondary proliferation in the endothelial and other 
cellular elements of the adventitia, and at a later stage there was a cell infiltration 
of lymphocyte-like cells analogous to those found in all chronic processes. In the 
event, therefore, of a disease-producing agent, either bacterial or toxic, being 
carried with the blood or circulating in the lymph sheaths, it must be assumed 
that this poison leaves the blood channels in so slight an amount or in such weak 
concentration that a recognisable injury of the vessel wall does not result. The 
only part played by the blood-vessels would thus be the bringing of the “noxa” to 
the tissues. BrrtscHowsky, who looks upon the vessel changes as entirely 
secondary, has come to the conclusion that only a “noxa” that has penetrated 
by the vessel into the tissue but has left the vessel wall intact has occasioned the 
process. TayLor, who was unable to find any trace of vessel changes in the 
examination of eight cases of disseminated sclerosis, thinks that it is perfectly 
conceivable that the manifestation of the toxic agent may occur without evidence 
of local inflammation in the vessel wall. Marpure and other writers, who have 
_ described cases of “‘ acute multiple sclerosis,” have given this designation instead of 
“acute myelitis,” “in virtue of the absence of any marked signs of actual inflamma- 
tion in the vessel walls.” The explanation of the numerous findings of such 
inflammation by other writers must be found either in.the presence of areas of an 
acuter type than were observed by me, or in the possibility that areas were described 
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at a stage when the secondary infiltration of fat granule cells and the cellular 
reaction to their presence had occurred. 

Alongside of the vessel lesions and dependent on them, Borst, ScHmaus, and 
other writers have described disturbances of the lymph circulation. The sequence — 
of the process is a little difficult to follow, for the change may be evidenced by a 
slight cedema and rarefaction of the tissue around a vessel with a dilatation of its 
adventitial lymph spaces, or it may be marked by a closure of the lymph spaces and 
a lymph stasis in the tissues from obstruction to the return flow of the lymph. 
Borst thought that a chronic inflammatory meningitic change initiates the process, 
leading to a closure of the epi-cerebral and epi-spinal spaces of His; the blood-vessel 
changes, especially around the para-central vessels, cause a closure of the adventitial 
lymph spaces, leading to a dilatation of the peri-vascular lymph spaces, and, with 
increased distension, the formation of cysts. As the congested lymph passes into 
the surrounding tissue, there comes about a hyperlymphosis with the formation 
of “ Lichtungsbezirke.” The obstruction to the outflow of the cerebral-spinal fluid — 
by the obliteration of the adventitial lymph spaces and the closure of the epi- 
cerebral and epi-spinal spaces are therefore the causes of the disturbed lymph 
circulation. The acute infection which precedes the disease is stated to give rise 
to chronic inflammatory and proliferative processes in the meninges and vessel walls. 
In dependence on the lymph stasis a swelling and degeneration of the nerve fibres 
in the “Lichtungsbezirke” is brought about, and a later compensatory growth of 
neuroglia. The present writer's views in regard to the changes in the lymphatics 
and meninges have been stated elsewhere, and it is necessary here only to note that 
in these observations, in uncomplicated cases, no alteration in the meninges to which 
any significance could be attached could be found. The chronic inflammation in the 
vessel walls, with a closure of the lymph spaces, is to be regarded as entirely a late 
change, so that while I agree with Borst that the fundamental basis of the process 
underlying disseminated sclerosis may probably be a flooding of the tissues with 
toxic lymph, I disagree with him regarding the mechanism by which this is 
brought about in the early stages. In late stages the condensed vessel wall, with | 
adhesion of the adventitial spaces, on its side may contribute to the production of 
a vicious circle in which hyperlymphosis plays a part. . 

It is thus seen that [am in more or less disagreement with all the views related 
to the primary nature of the vascular lesions. 


(3) Tue ErtotocicaL Factors. 


In turning now from the nature and origin of the process to its determining cause, 
we find that there is no positive knowledge of the nature of the agent causing this 
disease. The etiological factors postulated may be discussed under two grou 
developmental and external. 
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1. Developmental. 

In the discussion of the pathogenesis it was shown that MULLER based his view 
overwhelmingly on the presence of an endogenous (developmental) process, under 
which naturally lay endogenous factors—inborn defects. One weak point in his 
arguments, however, lies in the fact that the evidence of congenital anomalies in 
the anamnesis is hard to find, or completely absent. Groups of cases occurring 
in families also have only been reported in one or two rare instances, and in this 
connection it must be remembered how great is the difficulty in the differential 
diagnosis between disseminated sclerosis and certain atypical forms of hereditary 
disease, and, further, that such cases might be family diseases with a symptom- 
complex like that of disseminated sclerosis. Again, cases of congenital multiple 
sclerosis are even more isolated. A neuropathic disposition has been alleged as an 
important etiological factor, but this association has not been substantiated, and 
where present no causal significance has usually been ascribed to it. Most observers 
note that patients were normal both physically and mentally. 

MULLER, in answering this argument of the absence of family forms and neuro- 
pathic stigmata, points out that syringomyelia and glioma, attributed by numerous 
writers to congenital disturbances of development, have also no hereditary forms, 
and that heredity in nervous disease is seen chiefly in disease ot the true nervous 
elements rather than in congenital anomalies of the glia. Nonne, who has examined 
the phenomena of inhibition of cobra poison hemolysis in organic diseases of the 
central nervous system, states that this cobra reaction is specially frequent in the 
psychoses which are claimed as types of endogenous etiology. As he has found it 
present in disseminated sclerosis more frequently than in any other organic disease 
of the central nervous system, he claims that this reaction supports the view of the 
endogenous nature of the disease. NonNne himself, however, gives indications in his 
paper that this result must be accepted with great reserve, for the reaction is found 
in general paralysis, admittedly an acquired disease. 

Firstner and others speak of “an early invalidity of the central nervous system,” 
which is unloosed by later accidental factors. It is evident that such views do not 
bring the solution of the problem much nearer, yet it must be admitted that in some 
eases “ congenital anomalies of development may be present in the sense that they 
lay the foundation of the constitutional tendency which renders the individual more 
susceptible to the injurious influences of later life” (Morr). Such anomalies may 
be insufficient to give rise to any symptoms till the onset of these later factors, but 
they indicate a diminished resistance or a diminished vitality of the nerve elements 
such as Gowers postulated for Friedreich’s ataxia (“ abiotrophy ”). 


2. Heternal Factors. 
Among the more immediate factors must be considered the following: trauma 


(physical shock), psychical shocks, chills, infections, and intoxications. Modern 
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conceptions of disease do not admit of primary importance being attached to the 
influence of cold, injury, strain, and emotion in the production of diseases of the 
nervous system, but such influences, recent or remote, are repeatedly brought into 
relation to the onset of such diseases. As a rule we cannot go beyond the “ post hoc 
ergo propter hoc” argument, for there are no other data available, yet it is necessary 
to consider briefly whether the histological data throw any light upon the mode of 
action of such influences, which are at least admitted to bring about a lowered 
resistance of the nervous system to the causal agent. 

(a) Trawma.—Slight degrees of dystocic lesions of the infantile spinal cord 
may lead frequently to slight degrees of hemorrhage, and it is thought not 
improbable that these may be the basis of the diseases of the spinal cord which are 
related to the formation of multiple areas of sclerosis, or to the formation of cavities 
and later syringomyelia. MurnpEt is one of the principal advocates of the traumatic — 
etiology of disseminated sclerosis. He believes that as a result of the trauma an 
impulse of movement is transmitted to the cerebro-spinal fluid, that this leads to 
pressure effects in the most delicate channels of both brain and spinal cord, and that 
through these alterations of pressure there may occur minute ruptures (of capillaries) — 
and hemorrhages. From the assumption that small hemorrhages are sufficient to — 
evoke symptoms of disease, there justifiably follows, therefore, the view that in the 
case of cerebral and spinal ‘‘ commotio,” intra-medullary hemorrhages are responsible — 
for the symptoms. That the symptoms frequently pass away rapidly must be | 
ascribed to a rapid resorption of the poured out blood, but Scumavus argues from the 
fact that, since permanent disturbances frequently remain after shock, processes of 
degeneration in the nerve elements, which are beyond our present methods of — 
recognition, have occurred. Hence his expression “molecular alteration of the 
nerve elements.” The slighter degrees, he thinks, lead to transient symptoms, the 
severer to focal areas of degeneration, which thus have their rise in a molecular 
alteration resulting from “ commotio.” a 

The assumption of a molecular alteration of the nerve elements is hypothetical, 
since it does not rest on demonstrated microscopic findings at the time, but in the 
opinion of many writers intra-medullary hemorrhages or outpourings of lymph into — 
the tissue, of traumatic origin, may be followed by swelling and degeneration which 
lay the foundation of a “‘ locus minoris resistentize” for toxic infective agents. It is — 
also thought possible that in such damaged areas, still capable of functioning, the 
damage may be completed by any other factors which lower the resistance of the 
tissue. In relation to multiple hemorrhages, it is relevant to mention the view pub 
forward by Taytor and others, that at least a portion of the spinal cord degeneration 
found in some cases of pernicious anemia is due to primary focal degenerations 
caused by hemorrhages similar to those which occur in the retina and elsewhere im 
this disease. In the literature on disseminated sclerosis there are several cases 
reported in which the association between trauma and the onset of the disease wai 
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a very close and striking one, but, as a rule, the association was questionable, and 
frequently some slight disturbance, such as giddiness, the symptom of an already- 
existing disease, was the cause of the accident. WoHLWILL requires the following 
conditions before there is proof of a causal connection between disseminated sclerosis 


and trauma: (1) that the individual was previously healthy ; (2) a not too short and 


not too long interval between the accident and the first symptoms; and (3) a some- 
what severe trauma from which one might expect injury of the brain or cord. 

It has been already noted that in this investigation there was no evidence for the 
existence of capillary hemorrhages, except those probably pre-agonal ones, due to 
respiratory difficulties. There are few positive data for the further fate of spinal 
hemorrhages, and from those which we have as to the length of time taken in the 
absorption of cerebral hemorrhages it is necessary to be cautious as to the conditions 
in the cord. The remains of such may continue to be evident for a very long time— 
often with no sign of degeneration or softening around them. 

(b) Psychical Shock.—The influence of severe terror and other marked emotions 
has often been related not only to the onset ot the disease, but to a relapse or the 
ageravation of a present condition. A possible explanation may be found in the 
sudden changes of the circulatory conditions in the nervous system occasioned by 
such influences as act specially on the vaso-motor system. The profound influence 


of the vaso-motor system in the production of disease has scarcely been recognised, 


and in a later section its possible mode of action in disseminated sclerosis will 
be considered. 

(c) Chills—Krarrt-Epine has attributed considerable etiological significance 
to chills. In forty out of a hundred cases he traced this factor, and represents 
the relationship between the two in the contraction of the vessels favouring 
ischemic degeneration of nerve fibres in localised areas—especially if collateral 
anastomoses were absent. 

In regard to cold, fatigue, and psychical influences, it is probable that these act 
as immediate factors by lowering the vitality or the resistance of the individual or 
in allowing, through vaso-motor influences, the emergence of a toxin already 
circulating in the blood. In the -case of trauma, the possibility of the actual 
rupture of capillaries or of lymphatics must be admitted, and the consequent 
hemorrhages or the toxic lymph thus admitted in sufficient concentration into 


the tissues will effect the primary degeneration of the nerve fibres and a secondary 


_ proliferation of glia. 


(d) Exogenous Intoxications.—OrPENHEIM has laid special stress on the influence 
of lead, copper, and zinc, also of alcohol and carbonic oxide, and has met with such 
causes in eleven out of twenty-eight cases of disseminated sclerosis. He speaks also 
of a toxi-pathic tendency inherited by the children of workers in lead and other 
metallic poisons. HorrMann, however, in an analysis of a hundred cases, found lead 
present as a factor in only one patient. It is evident that some more general causal 
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agent must be at work, although such intoxications may be important as predisposing 
factors in the production of a toxic arteritis. 

(e) Infections and Endogenous Intoxications.—Toxi-infective agents have long 
been held of primary importance. PreRRE Marie has urged the recognition of acute 
infective disease as the actual final cause of disseminated sclerosis, which he believes 
arises on the basis of multiple inflammatory vessel alterations brought about by the 
infective agents of scarlet fever, measles, diphtheria, small-pox, puerperal fever, 
pneumonia, erysipelas, typhoid fever, cholera, etc., in combination with the organisms 
which produce a mixed infection. Many other writers have favoured the view of the 
relation of acute infectious disease to disseminated sclerosis, but Horrmann has 
strongly opposed it, and Krarrr-EBrne in an analysis of a hundred cases found this 
factor in the anamnesis only six times, and no organisms that can have any causal 
relationship to the disease have ever been identified, either in the blood, the cerebro- 
spinal fluid, or the tissues. 

Malaria.—Several cases of disseminated affection of the central nervous system 
in consequence of malarial infection have been reported, chiefly by Sprter and by ~ 
Italian writers. These arise probably on the basis of a mechanical closure of the 
cerebral and spinal vessels by the parasites which form solid thrombi. This merely 
shows that malaria may be followed by a disseminated disease of the central — 
nervous system, and such cases tend to recover more surely than cases of true — 
disseminated sclerosis. 

Tubercle and syphilis are both generally admitted to fase no significance in the 
etiology. Syphilis may produce disseminated areas in the central nervous system, — 
but the histological characters of these have, as a rule, nothing in common with — 
those of disseminated sclerosis, in which disease also the reactions in the serum and in 
the cerebro-spinal fluid and the cytological examination of the latter are all negative. 

Endogenous intoxications are of a very varied nature, and include not only the 
toxins engendered within the body by bacteria, but also auto-toxins caused through 
abnormal metabolic or assimilative processes and those the result of deficient or 
abnormal secretions. Systematic investigation of metabolic changes in disseminated 
sclerosis have not yet been undertaken, nor has any toxin of any nature been isolated 
either from the blood or the cerebro-spinal fluid. Investigations of the bio-chemical 
changes, analogous to those found in para-syphilitic affections, have thrown little 
light on the disease, but investigations along this line have not been extensive. 


It is the unsatisfactory and contradictory result of each of the above-mentioned 
factors that has led numerous writers to seek for one common cause which will 
explain the real nature of the disease. KLavsNER, in a careful analysis of a hundred 
and twenty-six cases of disseminated sclerosis, has come to the conclusion that few of 
the alleged causal factors are of any importance. Mitiur, from the large number 
of causes postulated, has drawn the inference that none of these can be the essential 
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one, and therefore feels justified in falling back on his view of a developmental cause 
to which any of the other factors may be an exciting agent. Francois, also, believes 
that only this congenital degenerescence of the central nervous system can explain 
the characteristics of disseminated sclerosis, and that infectious disease, chill, trauma, 
etc., allows this to come into play. It has already been pointed out that the assump- 
tion of the developmental genesis of the disease is insufficiently founded, and such a 
conception must appear, in the light of modern pathological knowledge, untenable, 
and justifiable only when every other factor has been eliminated. 

The essential problem, then, lies still before us: What is the nature of the special 
stimulus which originates this process? In the attempt to answer this question it 
is important to remember that the causal factor must be in operation over long 
stretches of years, allowing remissions of the disease and relapses. It would, 
therefore, appear necessary to exclude those agents which actually attack the 
organism and then disappear rapidly. It is admitted by all, except the supporters 
of the developmental nature of the process, that the topographical distribution of the 
areas points to the blood-vessels or their lymphatic sheaths as the route of convey- 
ance of this agent, and the assumption of an infection or intoxication harmonises with 
this relation to the blood-vessels. 

In spite of the absence of any positive evidence for the presence of bacteria the 
organismal cause of disseminated sclerosis cannot be excluded, especially in view of 
the conditions existing in syphilitic and para-syphilitic affections on the one hand 
and poliomyelitis on the other. It has just been stated that the clinical and 
anatomical picture requires that the agent must be one whose influence extends over 
many years. We know that in syphilis we have an actual living organism remaining 
present in the body for years, therefore the chronic and variable course of the disease 
in disseminated sclerosis is not against the assumption of an infectious genesis. But 
with none of the acute infectious diseases which have been considered by PIERRE 
Manrim as etiological factors can we assume that the organism is preserved in activity 
in the central nervous system, and the supposition that in consequence of these 
infective diseases mixed infections, with persistent micro-organisms, establish them- 
selves rests on no sufficient proof. 

In acute poliomyelitis the earliest changes described in the nervous system are 
hypereemia, and a collection of small round cells in the peri-vascular spaces of the 
blood-vessels of the soft membranes: this peri-vascular cell infiltration flows along 
the vessels as they enter the cord and reaches its height in the grey matter around 
the branches of the central vessels. Together with this cell infiltration there is 
marked cedema and the presence of minute or extensive hemorrhages. These three 
features are all dependent on inflammatory vascular changes, and may be regarded 
as the primary reaction of the nervous system to the virus of poliomyelitis. Again, 
as a result of the acute infective diseases, we may get an acute infective myelitis, and 
probably one portion of the cases ascribed to disseminated sclerosis, following such 
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conditions, must be ascribed to true acute myelitic ‘conditions, for PrrrRE Mari& 
regarded the primary participation of the blood-vessels as an anatomical proof of his 
clinical theory of the relationship. Cases of acute infective infiltrative myelitis, 
with organisms present in the foci, have been described by Purves Stewart and 
others, and there are also other cases in which it is impossible to state the exact 
nature of the infection. Further, the experimental investigations of Marinxsco, 
Hocus, Homen, Sag, and others have corroborated the organismal cause of certain 
forms of myelitis by the production of focal areas of infiltrative myelitis as a result 
of the infection of micro-organisms. These writers believe that organisms exert 
their action primarily upon the wall of the blood-vessel. 

The forms of myelitis have been classified by TayLor and Buzzarp as infective, 
toxic, and syphilitic. The last-named variety shows changes which we have already 
noted as being readily recognised, and as quite distinct from the changes in dis- 
seminated sclerosis, so that it need not be further considered. The experimental 
work we have above referred to has shown that areas of infective and toxic myelitis 
may be produced by a number of bacteria and bacterial toxins, and a comparison of 
the histological changes in the two forms with those of similar conditions in man 
gives the following as the general differential histological characteristics. In infec- 
tive myelitis we have dilated and engorged vessels, with an excess of nuclear 
elements in the adventitial sheath, probably derived from the proliferation of the 
structural elements of the adventitia rather than from the blood (Taytor and 
Buzzarp). Later there is proliferation of the glia elements and changes in the nerve 
cells and fibres, partly due to cedema and to the vascular changes, and partly to the 
toxic products of the invading organisms. In toxic myelitis, on the other hand, the 
changes are much less marked: the patchy areas of degeneration are unaccompanied 
at first by any cell infiltration of the vessel-adventitia or of the tissue, and there is, 
as a rule, marked swelling and varicosity of the axis cylinder and myelin sheath. 
The later reactive changes in the glia depend on the intensity of the primary change. — 

From the evidence of an infiltrative poliomyelitis, caused by the virus of polio- 
myelitis ; from the recorded cases of acute infiltrative myelitis in man; and from 
the experimental production of infiltrative myelitis by bacterial injection into 
animals, it is natural to assume that organismal infection is more often associated 
with primary inflammatory (proliferative) changes in the blood-vessel walls. Taytor — 
and Buzzarp, however, point out that some organisms may at one time and under 
certain circumstances determine an infiltrative form of myelitis and at other times a 
toxic, and that we are not fully acquainted with the laws which govern such different 
results. It must also not be forgotten that toxins circulating in the blood or 
lymphatics may also produce lesions first in the vessel walls; the work of Orr and 
Rows has definitely proved that a cellular reaction in the adventitia may be due to 
a chronic lymphatic intoxication—the presence of numerous plasma cells in this 
reaction is the expression probably of a chronic inflammatory process. The balance 
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of evidence, however, goes to prove that an infiltrative myelitis is: usually due to an 
organismal cause, and most workers conclude that areas of necrosis, without cell 
infiltration and independent of vascular thrombosis, must be ascribed to toxic 
influences. The toxic myelitis of pregnancy may be given as an evidence of the 
result of an auto-intoxication which is often responsible at the same time for serious 
trouble in connection with the cardiac and renal functions. 

Turning now to the histological data previously given, it will be recalled that the 
conviction has been expressed that nowhere was there evidence of a primary vascular 
inflammation, but that the first evidence of cell increase in the adventitia was an 
infiltration of fat granule cells consequent to resorptive processes, that the subsequent 
proliferation of adventitial cell elements was secondary to and probably caused by 
this infiltration, and that only at a still later stage was there an infiltration of small 
lymphocyte-like cells analogous to those found in all chronic processes. It has been 


further stated that the histological observations lead to the conclusion that the 


penetrate the cerebral substance; “primary degeneration’ 
co) 


stimulus acts primarily on the myelin, and almost simultaneously on the glia cells, 
surrounding the blood-vessels. The changes which have been outlined in a normally 
developing “early” area are thus much more nearly allied to those of a toxic 
myelitis than those of an infective myelitis, and differ from the former only in degree. 

In the absence, however, of any definite proof of such a toxin either in the blood 
or cerebro-spinal fluid, other evidence must be submitted with great reserve. The 
example of general paralysis, in which disease Nocucu1 has demonstrated the pre- 
sence of the spirocheta pallida in the cortex, but which formerly was ascribed to a 
chronic toxic encephalitis of lymphatic origin, must serve to show how quickly views 
regarding the pathogenesis and etiology of a disease may require to be modified. In 
this instance, however, it may be stated that the most recent writers on this subject, 
M‘Intosx and Fixpss, look upon the inflammatory reactions—peri-vascular infiltra- 
tion of lymphocytes and plasma cells involving the vessels of the pia and those that 
’ of the neurons; and 
proliferation of the glia—as all due to a primary reaction to the spirocheta pallida 
and not primary or secondary to one another: while Nonne (quoted by those writers) 
looks upon the lesions not as the direct result of the activity of the spirocheeta 
pallida but as due to the action of the toxins, derived from them, which have a 
special affinity for nerve areas. _ 

The important point, however, in relation to disseminated sclerosis is that 
experimental work has proved that circumscribed areas may be attacked by toxic 
materials, and that in such areas the first effect is on the nerve fibres and inter- 
stitial tissue surrounding the blood-vessels and only secondarily on the vessel walls 
themselves. The causal agent must be a weak one compared to the usual agents 
which produce toxic myelitis, for there is evidence of a slow, often limited and 
localised action, and the subacute onset in the relapses again argues for its slight 
intensity. For such a chronic course as disseminated sclerosis usually runs, with 
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responsible must remain constant in the body, lead 
at certain periods to relapse, or even remain latent for a long period. The assump- 
tion of an auto-toxin agrees with this demand, and the example of pernicious 
anzmia in which the remissions may probably be traced to the result of absorption 


many remissions, the ‘“ noxa’ 


into the portal tract of some poisonous substances may serve as a possible analogy. 
The assumption of an organismal stimulus moving about in the body or malignantly 
stored in depdts such as the spleen or bone-marrow, or of the elaboration products 
of such organisms continually reforming and leading to new symptoms, would also 
agree with this demand. It is impossible to say that this is improbable, for the 
relapses in malaria and relapsing fever coincide with the reappearance in the 
circulating blood of free sporocytes of the malarial organism or of the spirillum of 
OBERMEYER, respectively: such relapse is therefore a re-infection from within 
(AinLtEY Watxer). In para-syphilis, also, it must be supposed that the specific 
organism in some form enters the central nervous system, remaining latent for — 
years either in the lymph vessels or in the brain tissues proper, and exerting its 
effect either by its direct action or by its toxins. The influence of such factors as 
infectious diseases, cold, trauma, etc., would thus be to produce an impairment 
of the nervous tissues, and so predispose them to degeneration from auto-toxins 
and other causes: or the lowered body resistance would allow of sufficient con- 
centration of the toxin, through deficient elimination: or a combination of both 
factors, impairment of the tissues and an increasing intensity of the “noxa,” 
probably acts in varying degrees in every case. 

The views that have been put forward as to the source of the possible “ auto- 
toxin” can be only briefly touched upon. McCormac suggests that disseminated 
sclerosis is due to physico-chemical causes, which may be in operation for a long 
time, and thinks that as indol, skatol, and phenol—toxic products of intestinal putre- 
faction—might produce structural changes in the liver which are followed by — 
nervous symptoms, it is possible that actual structural changes might occur in the 
nervous system itself. BramMWELL suggests several possibilities: the toxic agent 
may be the result of deranged metabolism, possibly in the liver or some other 
organ, or it may be generated in and absorbed from the gastro-intestinal tract, as 
is probable in pernicious anemia. The effect of exposure to cold in the production 
of hemoglobinuria is explained by the probable rapid production of some toxic 
substance, the result of deranged metabolism. It is thought that the exposure to- 
cold acts reflexly through the nervous system on some central organ—perhaps the 
liver—and produces a poison which is the cause of the rapid destruction of red 
blood cells, and that disseminated sclerosis might be the result of a chemical 
poison similarly formed. Another possibility is that the agent may not be a 
toxin properly so-called, but that the composition of the blood is so altered that 
some substance or substances necessary for the nutrition of the nervous tissues, 
especially the nerve fibres, is absent, or that the blood contains some substance 
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which acts injuriously on the nutrition of the nerve fibres. Drxon Mann thinks 
that disseminated sclerosis is due to an unknown autogenous toxin, which probably 
acts by setting up changes in the ultimate vascular supply of the part affected. 


(4) Tue Mopr or Action oF THE CausaL AGENT. 


It must have been noted that as this chapter has progressed we have got 
deeper into the realm of theory. In discussing the nature and the origin of the 
process there were certain definite, though restricted, data to go upon: in regard 
to the final causal factor there were few data, but the hypothesis of a latent 
organism or a circulating toxin rested on certain analogies: and when we come 
to discuss the mode of action of this causal agent, and the further questions which 
this consideration presents, it is seen that in relation to some at least of these 
questions recourse has been taken still more to analogy. Yet it is necessary, at 
least, to state what these questions are, and, at most, to indicate briefly any 
reasonable explanation that has been put forward to answer them. 

The principal questions which present themselves in this section may be 
stated thus: 

1. Why and how is the process so irregularly distributed and at first circumscribed ? 

2. What is the cause of its further advance ? 

3. What factors cause modifications in its mode of action ? 

4. By what route, blood or lymph channels, is it conveyed to the nervous 

tissues ? 


1. Its Irregular Distribution and Circumscruption. 


If we could trace the disease to the entry of corpuscular elements, such as bacteria, 
or, thrombi infected by such, or emboli, there would be no further difficulty in 
accounting for circumscribed vascular areas being irregularly attacked. If it is 
not, however, a question of the immediate action of bacteria at an identical point, 
but probably of toxins circulating in the blood, how is it that these agents in 
solution in the blood choose such irregularly distributed spots? 

From the frequent presence of a central larger vessel in the area it has been 
assumed that this vessel, by some alteration in its walls, limited to a certain 
definite stretch of its longitudinal course, was responsible for the sclerotic area. 
StRimMPELL and Mier, who opposed the view of the rdle ascribed to the vessels 
_ in the process, naturally found in this an argument in their favour, for they found 
it difficult to perceive how toxins could diffuse from such a large vessel instead of 
following the capillary area of ramification. It seems to me that MOLLER has missed 
the significance of the vessels largely because he has preferred the cord areas, which 
do not allow these relations to be so readily recognised ; but, on the other hand, it 
is probable, as has been frequently shown in the histological study, that it is not a 


question of one central vessel but of many transverse and oblique vessels, giving 
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the impression that not one single vessel but the branches of a blood-vessel stem 
are the starting-point of the process. Serial sections have frequently given definite 
proof, as the area was followed up, that it broke up into individually distinct smaller 
areas, which were related to the component branches of the previous central vessel. 
These sections, again, showed the gradual fusion of such areas around the ramifica- 
tions of a vessel, and marginal strands of myelinated fibres still left between each 
primary focus. It must not be forgotten, however, that the whole vessel territory 
need not be attacked, and, on the other hand, that the area of ramification of non 
end-arteries has no sharp definition. The peri-ventricular areas, which we trace to 
the involvement of the terminal branches of the central arteries, which spread out 
on the ventricular surface, are a striking illustration of the implication of the area 
of ramification of end-arteries, and an instance equally marked is the demyelination © 
of the surface layers of the cortex corresponding to the area of supply of the smaller 
cortical vessels. 

The difficulty of understanding how a “noxa,” eg. a circulating toxin, in the 
circulation could assert itself in the immediate area of a large vessel, for a limited © 
distance—so far as it had not to do with an actual disease of the vessel wall itself— 
rather than in the region of the capillaries which are distributed everywhere, has 
led numerous writers to fall back upon the assumption of a special predisposition of 
these areas either in the form of congenital defects or acquired “loci minoris 
resistantiz.” Such a predisposition was also held to explain the frequent symmetry 
of the areas, but this is again more readily understood if we admit, as the histo- 
logical evidence favours, that it is the area of distribution of the vessels, which may 
naturally be of very varying extent, that is affected. Such a view, however, 
removes only a portion of the difficulty. If certain areas of distribution, large or — 
small, are affected, what factors determine the exact areas chosen? For this no 
satisfactory explanation has been suggested, but certain analogies may be given. 

In peri-axial neuritis in man, the result of chronic lead-poisoning, not only is 
the radial nerve picked out, but certain discontinuous areas are primarily affected in 
a manner very closely resembling the discontinuous myelin sheath degeneration in 
disseminated sclerosis. GomMBAULT and STRANSKY have also experimentally produced 
similar discontinuous areas in subacute lead-poisoning in animals. In these cases 
the toxin circulating in the blood is known to affect only certain irregularly 
distributed areas. The selective action of toxi-infective agents on particular parts 
of the nervous system may be further illustrated by the action of the virus of — 
syphilis and that of rabies; by the effect of arsenic and that of the neurotoxin 
formed by the diphtheria bacillus, on certain nerves; and further, by the tetanus 
toxin, which like strychnine, acts mainly on the synapses of the reflex arcs of the 
brain stem and spinal cord, reducing their.resistance. ‘" 

Further, the combined degenerations found in pernicious anemia, cancerous 
cachexia, diabetes, and the sclerosis found in chronic ergot poisoning, pellagra, 


THE HISTOLOGY OF DISSEMINATED SCLEROSIS. 663 


beri-beri, and other conditions, pick out the posterior columns, or both posterior 
columns and the posterior part of the lateral columns. In pernicious anemia, at 
least, MinnicH and NonnE have traced such degenerations to primary focal areas 
in the posterior or lateral columns: such areas, later, either from the cumulative 
effect of several foci at different levels in relation to the same strands of fibres, or 
from the later involvement of the axis cylinders, are succeeded by secondary 
degeneration. In such conditions the toxin postulated must choose out certain 
definite vessel territories, and the symmetry is explained by the two halves of the 
cord being exposed to the same diffusely acting agent. Numerous writers, however, 
suggest that prolonged toxzmic states lead to primary degeneration of those parts 
of the cord which are apparently more sensitive to trophic disturbances, and either 
that the posterior and lateral columns have a poorer vascular supply or that, as the 
parts most affected are the neuraxons of the posterior spinal ganglia and those of 
the cortical motor cells, therefore the long terminal filaments of the cervical and 
dorsal cord, they are far removed from the influence of their trophic cells. When 
it is urged that certain areas of the nervous system may have a “general non- 
resisting power,’ it can be understood how such functional factors as overstrain 
may affect definite strands and areas, related to definite functions, but this view, 
however unsatisfactory and unconvincing even for such conditions as cause com- 
bined column degeneration, carries no weight when related to areas with the hap- 
hazard distribution found in disseminated sclerosis, for one of the characteristics 
of the disease is that the areas bear no relation to any functioning tract or 
group of cells. 

The sequence of events in disseminated sclerosis is probably that in the 
circulating blood the “noxa” escapes from the capillaries and transition vessels, 
and acts upon the tissues in the sense that the area of supply of the vessel is 
affected, z.e. it passes over into the tissues with the nutritive fluid. Numerous 
Tecent experiments on man and animals tend to prove that, in general, drugs 
administered by the mouth or subcutaneously do not pass into the cerebro-spinal 
fluid, and Morr has pointed out the significance of LEwanpowsky’s observations, 
which show that very much smaller quantities of these same drugs and bacterial 
toxins injected into the cerebro-spinal fluid of the sub-arachnoid space produce 
much more marked and a more rapid onset of symptoms. These and other 
observations are taken to prove that toxic substances are unable to pass from the 
capillaries into the lymph spaces of the nervous tissue. GOLDMANN’S investigations 
on the central nervous system by vital staining show that vital stains, if introduced 
by means of subcutaneous or intravenous injection, are kept back by the choroid 
plexus: that from the plexus the cerebro-spinal fluid receives important metabolic 
products which are carried to the nervous tissues by the fluid; and that the plexus. 
possesses the power of protecting the fluid, and in this way the nervous substance, 
from the penetration of toxic substances. The rdle of toxins in the production of 
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nervous disorders has long been recognised, and also the réle ascribed to the 
secretions of the protective organs of the body—amongst which must now be 
enrolled the choroid plexus—in neutralising the products of auto-intoxication. A 
defective function of these organs will cause an accumulation of such toxins in the 
body, which will immediately react on the nervous system. ORR has shown how 
such a primary intoxication may so lower the resisting power that micro-organisms 
and their toxins may gain access to the blood-stream. 

Unless we admit, however, that such substances circulating in the blood can pass 
from the capillaries, how can we explain the action of poisons on the nervous 
system? WILLIAMSON attributes considerable importance to the cell walls of the 
capillaries and lymphatics of the central nervous system in reference to the pathology 
of disseminated sclerosis. He believes that the cells of the capillary walls act as — 
true secreting cells, and when they are stimulated there is an increased flow of 
lymph into the surrounding tissue. Certain substances, such as toxins produced by 
micro-organisms, have the power of stimulating the endothelial walls, and as the 
endothelial walls of the central nervous system of capillaries and lymphatics are 
extremely delicate and active, the lymph flow is great. Numerous writers suggest 
that the toxins produce an unrecognisable injury of the vessel wall by which it 
becomes more permeable, and thus allows of the increased transudation of the lymph. 
Others think it possible that a transient paralytic dilatation of the vessels permits 
an exudation, which in other conditions does not pass through the vessel wall or is 
arrested by the glia filter. The conditions of the cerebral circulation are so little 
understood, and the vaso-motor mechanism so complicated, that such an irregular and 
localised vaso-motor action may be quite possible. The presence of large areas of 
demyelination, such as those seen in Case II, in which every level of the cord showed 
an almost complete transection, gave the impression, however, that such an extensive 
demyelination is preceded by acute vascular dilatation, and that the tissues are 
flooded with toxic lymph which has caused a rapid solution of the myelin. The 
dilated vessels found in all the “early” areas might also argue in favour of a 
persistent paralytic dilatation from want of vascular tone in the area. 

None of these suggestions explain why certain areas are chosen while adjouitl 
areas of distribution are, at least primarily, unaffected, and it may be that its causa- 
tion has appeared unnecessarily mysterious and that it is quite analogous to the 
irregular distribution of other processes, e.g. the haphazard distribution of areas in 
experimental toxic myelitis or the atheromatous patches on vessel walls. It cannot 
be supposed that the tissues are in a state of proportionate equilibrium or equal 
resistance, and that there are not varying degrees of oscillation and pressure and 
permeability in the vessels. The filtration from the vessels, including whatever part 
secretory processes may play in the passage of the lymph through the vessel walls, 
may thus be related to alterations, the nature of which are as yet little understood, 
but which have a place in the normal mechanism of the body. 
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The frequent sharp delimitation of the primary isolated areas gives the impression 
that the spread of the process is in the nature of the diffusion of a toxic substance 
which spreads from a central focus till it exhausts itself. WurtLIamson puts forward 
a very suggestive view of the causation of this characteristic. The margin or outline 
of an area is noted as passing through the structure of the brain or cord substance 
regardless of fibre tracts, nerve cells, or vessels. He suggests that this is due to the 
infiltration of the nerve tissue with a fluid of destructive character, the shape and 
margins of the area being determined by physical conditions, since patches of 
similar form can be produced when stained fluid is allowed to infiltrate the cord 
(post-mortem) from various points. 


2. Further Advance of the Process. 


The ebb and flow of the symptoms are, clinically, amongst the most character- 
istic features of the disease, and, anatomically, “early” areas are the expression 
of this recurrence of a long-standing disease. When the primary direct effect 
of the causal agent has become exhausted the areas become sclerosed, and in 
such cases there may be a true remission, but frequently in addition to “ early” 
areas there are found at the periphery of the old areas indications of an advanc- 
ing process. This may be due to the persistence of the action of the primary 
agent, or to the fact that the products of degeneration had caused a secondary 
reaction after the infective or toxic agent had ceased to work, or, possibly, to a new 
process surrounding the older one. Such recent areas show that the morbid agent 
persists in the organism. Miuzuer has urged that the similarity of the basal features 
of the clinical and anatomical pictures points to one common cause of the disease : he 
thinks that we cannot assume that, for example, the toxi-infective agents of the acute 
infectious diseases, 7.¢. of so different a nature, will always lead to one and the same 
definitely characteristic disease-picture. A similar view has been upheld by numerous 
writers, and, in the absence of any specific organismal or toxic cause, an explanation 
has been sought for along very varied lines. Repuicu thinks it possible that the 
characteristic symptom-complex is caused by the “ general functional injury” to the 
neryous system: that the acute infectious disease, whose cause we otherwise look 
upon as specific, may yet produce a definite metabolic disturbance, which, in its 
action upon the central nervous system, is specific. Marsure also looks upon 
disseminated sclerosis as a ‘‘meta-infectious” disease in this sense. Such a term 
seems justifiable in view of the use of the term meta- or para-syphilis in which it 
was believed ‘that the syphilitic virus induced in the body profound metabolic 
changes. Morr has pointed out that these resulted in a large amount of lipoids 
oceurring in the serum and in the cerebro-spinal fluid: that these same lipoids are 
found in the normal body fluids, so that the specific character is thus manifested by 
quantity rather than by quality. The relations of syphilis to the para-syphilitic 
affections are of special interest in relation to the possibility that a latent organism 
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may be the cause of disseminated sclerosis. Before Nocucui’s discovery of the 
spirocheeta pallida in the cortex, Morr and Sewe x had defined these relations thus : 
(1) the syphilitic organism is in itself the causal organism; (2) there is produced 
within the body as the result of syphilis a toxin, and this post-syphilitic toxin is the 
cause ; or (3) syphilis produces an impairment of the nervous system and so pre- 
disposes it to degeneration from auto-toxins and other causes. It is in this final 
sense we look upon Repiicu’s and Marsure’s conception—that acute infectious 
diseases of very varied etiology may produce once for all a specific impairment of — 
the nervous system, and so predispose it to degeneration from auto-toxins. It has 
also been suggested that the original agent may cause, in addition to the evident 
areas of degeneration, alterations in other portions, and that these later, not from a 
persistence in the organism of the causal agent, but from excess of function, strain, 
or circulatory disturbances, may degenerate. Again, that the presence of degenera- 
tive processes in the central nervous system may suffice in themselves for the 
production of further areas of degeneration. For either of these views there is no 
foundation nor analogy. In the absence, therefore, of any positive evidence as to 
the determining factor, it can only be presumed that relapses are due either to 
the intermittent evolution of a toxin, or to an unknown organism which, in the 
interval between a remission and a relapse, lies latent and inactive. The causation — 
of pernicious anzemia, as we have seen, is thought to be due to the similar inter- 
mittent evolution of a toxin, and the discovery of the spirocheeta pallida in the cortex — 
in general paralysis is a sufficient analogy for the latter alternative. Morr has © 
suggested that this organism may exist in a latent, granular, or intracellular form 
in the parenchyma of the nervous system, where it cannot be reached by drugs such 
as arsenic, mercury, and antimony. 


3. The Factors which cause a Modification in the Action of the Causal — 
Agent and the Relation of the Process to Acute and Chronic Myelitis. 


The variations in the histological picture have been ascribed by different 
writers to two main causes: the fact that the process was observed at different 
stages, and to the different nature of the etiological factor in individual cases. 
Apart from such basal differences and from the variations due to the influence of 
complications, there are modifications in the development of the process which 
can be attributed only to the fact that its progress, assuming one common causal _ 
factor, 1s not always typical, uniform, and progressive. 

AinteEy WALKER, in discussing the relative changes in the tissue elements in” 
inflamed areas, points out that stimulation and injurious irritation differ only in 
degree, and that whatever is capable of causing injury will, if sufficiently diminished 
in intensity, exert a stimulant action. On the other hand, stimulation, if sufficiently a 
intensified or long maintained, becomes irritation and produces injury. He further 
points out that one and the same agency may have a different effect on different types 
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of cells, or even on different cells of the same type. The changes which occur in the 
tissues of inflamed areas are, therefore, of two types, degenerative and regenerative 
respectively. Both of these occur simultaneously in different orders of cells, e.g. 
the parenchyma of an-organ may undergo degenerative change while its connective- 
tissue basis is proliferating. If we apply this to the changes in disseminated 
sclerosis, we can conclude that “there are certain principles underlying the 
inflammatory process which enable us to recognise in it different degrees of one 
process rather than several independent series of reactions.” This shows that a 
common cause, according to the intensity and duration of its action, may produce 
a very varying picture. 

If we assume as the causal agent in disseminated sclerosis a circulating toxin, 
it has been stated previously that this toxin must be in such weak concentration 
that it produces no recognisable injury on the vessel wall in passing through it. 
This weak toxin is further assumed to have an affinity for myelin, and it produces, 
in the immediate neighbourhood of the vessel from which it has passed out, a 
simple primary degeneration or solution of the myelin, with a proportionate 
reaction on the glia—thus its injurious action is exercised on the myelin sheath, 
its stimulant action on the glia. As this diffusion extends and the toxin mixes 
with the tissue fluid and becomes more dilute, its stimulant action would be more 
in evidence, and when the toxin tends to exhaust itself, 7.e. at the peripheral zone 
of the primary area, there would be a solely stimulant action on the glia, an 
action which extends, therefore, beyond the area of degeneration of the myelin. 
This stimulant action of the toxin seems to us to account for two of the histo- 
logical data brought forward by Mixer in evidence of a primary glia change: 
_ (1) that at the periphery of the area we have a glia nuclear proliferation ; and (2) 
that this extends between the normal myelinated fibres at the margin of the area. 
These two data may possibly be partly explained by the secondary glia proliferation 
occasioned by the degeneration of the nerve fibres, but for our present purpose 
it is necessary to emphasise the stimulant action of the primary causal factor on 
the glia—a stimulus which increases according to its dilution. The development 
of such an area is that pointed out in tracing the evolution of an area through a 
stage of fat granule cell myelitis. 

If we assume, further, that the concentration of the toxin is still more dilute 
from the commencement, the degenerative action on the myelin would be almost 
in abeyance, and the stimulant action on the glia would be its sole effect. A 
slowly-increasing glia hyperplasia could then result, which would lead secondarily 
to a myelin degeneration partly by direct compression and chiefly by the alterations 
in the blood and lymph circulation in the area. Such a stimulus would thus lead 
to an area of sclerosis through stages of a ‘“‘ gradually increasing glia hyperplasia,” 
which we have previously outlined. If such an assumption is justifiable, the two 
types of areas are not two individually distinct processes, the latter developmental 
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and the former inflammatory, but both are occasioned by the same causal agent 
acting with different intensity and over a longer time. Such a slowly increasing 
interstitial change is, therefore, an illustration in the central nervous system of 
the fact that the first evidence of reaction, when the action of an irritant is slow 
enough for us to follow clearly its results, is a proliferative change. 

If we assume still further that the toxin is in greater concentration and acting 
more quickly, the first effect would be solely on the myelin sheath, which would 
degenerate rapidly. If this were not followed by a compensatory glia proliferation, 
there would result the type of area described by numerous writers as “areolierte” 
areas, in which the myelin sheath is dissolved away, leaving the original network 
of the glia and the axis cylinders persisting. If there were an attempt at a 
substitution glia proliferation, the glia nuclei would form the nodal points of a 
brush-like formation of fibrils, but this fibril formation would yet be insufficient 
to fill up all the meshes of the tissue, and the resultant area would be midway in its 
sclerosis between an ‘ 


the change in the myelin sheath as the most constant and uniform one. 

It is possible to go a stage further and assume that the toxin is so concentrated, 
or acts so rapidly, that it attacks not only the myelin sheath, but destroys the axis 
cylinders and goes on to destroy the meshes of the glia, which thus break into one 
another, giving the appearance of the so-called “ Luckenfelder.” We would thus 
get true myelitic areas, and this is the present writer's view of the relation of 
disseminated sclerosis to acute myelitis. The areas in disseminated sclerosis are 
areas of lesser degeneration, and the difference in the pathological: process is one 
only of degree. I assume, therefore, that the changes are not so intense in degree 
as in acute myelitis, and I regard disseminated sclerosis as a localised disseminated 
subacute inflammation, which gradually tends to sclerosis. In such subacute 
processes the general architecture of the tissue is retained. Chronic myelitis is a 
term which is becoming obsolete. It can represent the remaining stage of a 
previous acute myelitis, of a process which has begun chronically, or is healing 
slowly. Taytor and Buzzarp state that disseminated sclerosis has some claim to 
be regarded as a chronic inflammatory disease of the spinal cord, and is sometimes 
held to be the only true instance of chronic myelitis. | 

It is difficult to answer the question whether an acute encephalo-myelitis can 
pass over into a disseminated sclerosis. The pathological conceptions of the disease, 
as have been indicated, pass over into one another, and with this conception is 
admitted the inflammatory nature of the process. Whether it can be regarded as 
inflammation, as degenerative inflammation, or as purely degenerative, depends 
fundamentally upon different definitions of the same process. It seems defensible 
to regard certain forms of disseminated sclerosis, especially those occurring in close 
relation to the acute infectious diseases, as having their origin in an acute dis- 


‘areolierte” area and a dense sclerotic area. Both of these 
latter types of areas are very numerous, and give the justification for looking upon 
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seminated encephalo-myelitis, but, in spite of the seeming inconstancy of the 
symptoms and the irregular incidence in the position of the areas, it seems justifiable 
to regard disseminated sclerosis as an inflammatory process with a subacute onset 
and slow progressive course—often distinguished by remissions and acute or sub- 
acute relapses which depend upon the development of new areas, and to regard the 
final cause as a true specific “‘ noxa,” which may be either a metabolic disturbance 
or a special infective stimulus. 


4. Route of Conveyance of the Causal Agent to the Tissues. 


Writers admit two paths of infection of the central nervous system—the one, 
which has been looked on as the more constant,—the blood stream, and the other 
the lymph stream. The possibility of lymphogenous infection of the nervous 
system has received much attention since experimental evidence was established 
in favour of the spread of rabies and tetanus by the lymph channels of the nerves. 
Its increasing recognition in this country is largely due to the work of Orr and 
Rows, who have taken as the principle of their research the fact, demonstrated by 
numerous experiments with organisms and coloured fluids, that the lymph stream 
in peripheral nerves is an ascending one and capable of conveying infection to the 
central nervous system. The main current of this ascending lymph stream is said 
to lie in the inner meshes of the peri-neural sheaths, and when it reaches the cord, 
chiefly by the posterior roots, it for the most part passes along the entering posterior 
nerve roots into the substance of the cord, and the remainder is distributed in the 
inner meshes of the arachnoid around the whole surface of the cord. The lymphatic 
path within the cord has, in the main, an outward direction, as is demonstrated by 
the presence of fat granule cells, containing the degenerated products of the nervous 
tissue within the adventitial spaces, but the experiments of Homen, Sate, and 
Marinesco, together with numerous histological observations, leave no doubt that 
it admits of a current inwards—thus admitting an invasion by cellular elements, 
micro-organisms, and toxic substances. 

In the experiments of Orr and Rows, celloidin capsules containing a broth 
eulture of an organism were placed in contact with the sciatic nerve. The path of 
the toxic lymph could be traced by the inflammatory reaction in the sciatic nerve, 
posterior root ganglia, and along the spinal roots. If the capsules were placed 
near to the spinal cord, in order to lessen the distance along which the infection 
had to be conveyed, this reaction was evidenced within the cord ‘substance itself, 
and its characteristics depend entirely on the potency of the |irritant. When the 
eapsules had not burst andthe tissues were attacked by toxins only, the reaction 
was of a plasma-cell type, but when the capsules had burst and the organisms had 
grown in the tissues, there was an intense proliferation of cells of polyblast type. 
As the same animal was used and the same organism, the differmg reaction must 


be attributed to the difference in quantity and potency of the irritant. The reaction 
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in the spinal cord was produced in both instances by injected lymph which spread 
by the same path—along the adventitial lymph spaces of the vessels entering from 
the pia, and therefore attacked the same cells, those of the adventitial sheath of 
the vessels. The plasma cell is looked upon as the type of cell characteristic of 
subacute inflammation, and the polyblast as characteristic of an acute inflammation 
in the central nervous system. If the toxin or organism gaining entrance to the 
central nervous system by this source be weak, or penetrate the tissues slowly, no 
other phenomena but that of adventitial proliferation need occur for some time, and 
the changes in the cord diminish in degree from without inwards. 

These experiments tend to prove that infection passing into the cord by oe 
lymphatic system takes a definite course, that the structures of the cord and the 
nerves react to infection by this path in a definite manner, and that the inflamma- 
tion can be propagated by the toxic lymph to parts distant from the focus of 
greatest intensity. It is recognised that when once the inflammatory condition 
has been established within the spinal cord, the toxic lymph spreads by direct 
continuity, and this continuity of extension is looked upon as characteristic of 
lymphogenous infections. Numerous clinical data, from cases in which peripheral 
inflammatory foci existed, have been brought forward by Orr and Rows, in support 
of their experimental work, to demonstrate the facility with which infection spreads 
along the lymph sheaths of nerves to the spinal cord. Here also the histological 
changes in the membranes and nervous tissues showed that the reaction varies with 
the potency of the irritant, and that the degree of reaction in the nervous tissues 
diminishes from without inwards. In connection with these changes the cord 
infection which sometimes follows inflammation of the urinary bladder is referred 
to and is of interest in relation to the evidences of inflammatory changes in the — 
membranes and in the peripheral vessels of the cord found in some of our cases. 
Orr and Rows further apply this principle of lymphogenous infection to acute 
polio-myelitis and general paralysis. They look upon the histological changes in 
the former disease as showing no essential differences to those found in their acute 
cases—in both the preponderating cell type is the polyblast. The changes in 
general paralysis also appear explicable only by the presence of toxins of organisms 
gaining access to the lymph which bathes the brain and membranes and circulates 
in the adventitial lymph spaces of the cortical vessels, calling forth a chronic peri- 
arteritis of a plasma-cell type. 

In relation to acute polio-myelitis it may be stated that experimental evidence 
proves without doubt that it can be produced by lymphogenous infection, and the 
view that the virus may enter by means of the lymphatics and thus exert its first 
effect upon the meninges is strengthened by the anatomical findings (PEapopy, 
Draver, and Docuuz). The earliest change described in the nervous system is 
hyperemia and the collection of numbers of small mono-nucleated cells in the peri- 
vascular lymph spaces of the blood-vessels of the lepto-meninges. The lymph spaces 
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surrounding the vessels of the cord are, anatomically, processes of the arachnoid 
space, and the lymph in them is in connection with the cerebro-spinal fluid. With 
the advance of the pathological process this peri-vascular infiltration follows along 
the vessels as they enter from the meninges and is most marked around the central 
vessels. The evidence, first pointed out by Fiexner, that the respiratory mucous 
membrane provides for both the ingress and egress of the virus has much to support 
it. Romer and WickmaNy, on the other hand, on clinical and experimental grounds, 
think that the virus has its habitat in the intestinal tract and thence finds its way 
along the lymphatic sheaths of the sympathetic nerves to the central nervous system. 
Once this is reached an infection of the lymph spaces in the adventitial sheath of the 
veins in the pia mater and spinal cord immediately follows. Wickman supports his 
view of the lymphogenous origin of acute polio-myelitis on the following histological 
grounds: that in many parts the chief and only change consisted in an infiltration 
of the larger vessels, while the capillary region of such vessels was quite free; that 
the changes in the longitudinal axis were continuous—a continuity which reaches its 
maximum intensity in Landry’s paralysis, and that the infiltration of the adventitial 
sheath of the vessels argued for the causal agent circulating in the lymphatic spaces. 

It has been assumed by most writers that the causal agent in disseminated sclerosis 
circulates in the blood, but the possible lymphogenous source of the infection has been 
supported on the following grounds: (1) the endo-vascular changes are much less 
marked than the peri-vascular; and (2) the pathogenic significance of the peri- 
ventricular sclerosis. With reference to the former argument, it is again necessary 
to point to the fact that in this investigation peri-arteritic changes, in the sense of 
adventitial nuclear proliferation, were completely absent in the early areas before the 
onset of a secondary cell infiltration due to resorptive processes had occurred. There 
was thus no evidence in the cell proliferation of the adventitial sheath that a “noxa” 
was circulating in the adventitial spaces. In view, however, of the findings of Orr 
and Rows, that in infection of the cord by the passage of toxins along the sym- 
pathetic nerves no adventitial proliferation was found, such a possible source of 
lymphogenous infection cannot be denied. 

The peri-ventricular localisation was such a striking feature in several of the cases 
that early in the investigation it was recognised that ependymal and peri-ependymal 
lesions lead to important considerations in reference to the toxicity of the cerebro- 
spinal fluid. Buitock’s recent experiments point to this toxicity, and LHERMITTE and 
Guccione found that when carmine was injected into the lateral ventricles of a dog, it 
was found, ten days later, almost wholly in the sheath of the sub-ependymal veins and 
in the sub-ependymal tissue. It is logical, therefore, to assume that toxi-infective 
agents in the cerebro-spinal fluid might follow the same route. The absence, however, 
of any change in the ependymal epithelium seemed to contra-indicate the possibility of 
a simple soakage of the cerebro-spinal fluid into the peri-ventricular tissue and also to 
contra-indicate the irritating character of the fluid, for a granular condition of the ven- 
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tricular walls is usually associated with such a change in the fluid. Borst has pointed 
out that the terminal branches of the central arteries ramify on the ventricular walls, 
and this localisation of the areas might equally be related to the vascular richness of this 
region. The cell infiltration and proliferation around the sub-ependymal veins, which 
constitute the path of return of the peri-ventricular circulation, would then again be 
simply an indication of the resorptive processes consequent on myelin degeneration 
and not a result of a peri-ependymitis. LaErMITTE and GuccIONE come to the con-— 
clusion that the toxic agent in disseminated sclerosis is carried mainly by the blood- — 
stream, but that a part in the process must also be ascribed to the cerebro-spinal fluid. 


Extra Note. 


The wide-reaching possibilities of lymphogenous infection in connection with the 
elucidation of the etiology of some nervous lesions is well illustrated in the recent 
work of Orr and Rows. These writers have kindly given the following account of — 
this yet unpublished work. They consider that the lymphogenous infections are 
characterised by phenomena varying from a polymorpho-nuclear or polyblast cell 
exudation in the acute processes to a plasma-cell reaction in the chronic, and that 
perl-arteritis is an essential feature. On the other hand, when bacteria-laden capsules 
are placed in the abdominal cavity—a position least likely to lead to infection of the — 
lymph sheath of the peripheral nerves—it is found that no peri-arteritic plasma-cell 
formation occurs in the spinal cord. The changes so far observed have been as 
follows: (1) hyaline degeneration of the vessel walls with hyaline thrombosis; 
(2) neuroglia proliferation around the vessels; (3) the nerve cells are practically — 
normal; (4) there is no evidence of peri-arteritis; (5) small areas of disseminated 
sclerosis ; (6) a slight degree of myelin degeneration which varies in distribution in 
the different levels of the cord; (7) the sympathetic nerve cells in the abdominal — 
chain show chromatolysis. They are of opinion that the influence of the sympathetic — 
cannot be excluded, and that the view of a general intoxication cannot be sustained 
as an explanation of these lesions owing to their patchy character. They incline to 
the view that the involvement of the sympathetic mechanism here and there causes” 
dilatation and stasis in certain parts of the cord vessels, favours the formation of 
hyaline thrombosis, and hence myeline atrophy and sclerotic areas. The work on 
which these guarded conclusions is based is as yet far from complete, and I am deeply 
indebted to Drs ORR and Rows for allowing me to refer to this view: its possible 
significance in relation to the détermining cause of disseminated sclerosis cannot 
be overestimated. | 
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VI. 
CONCLUSION. 


The three divisions of this study have now been completed: in the first an 
analysis and classification were given of the more important writings on this 
subject ; in the second part the essential features of the histological process were 
set forth and an endeavour was made to avoid the needless* repetition of examples 
and details by the selection of such examples as were necessary to a complete view 
of the subject ; and, finally, it was attempted to bring out in order the nature of 
the questions that come into consideration in a study of the pathological process 
underlying disseminated sclerosis. In the critical discussion which this involved 
it was clear that no general and complete interpretation of the subject could be 
given, and that imperfectly known factors had to be suggested for the solution 
of several of the problems. It may have seemed, on the one hand, that difficulties 
have been suggested where everything was clear: if this be so it is because it was 
difficult, sufficiently clearly, to define the real point at issue; on the other hand, 
in one or two cases, it has been noted that the difficulties are there, undeniably, but 
that their importance may easily be overestimated. The tentative nature, therefore, 
of the attempted explanations on many points, and the fact that no uniform con- 
ception of the process can be offered, make it difficult, in these closing pages, to 
summarise the foregoing study. Nevertheless, it is customary and desirable to 
formulate certain conclusions, and the extent both of the histological examination and 

the critical examination of the available literature seems to justify such an attempt. 
_ The first group of these conclusions is related to those problems which are far from 
being completely solved; the second group rests on more definite histological data. 


As the initial conclusion, that related to the nature of the pathological process 
may be selected. Its sequence, as it has presented itself to me in the normal 
evolution of an area of sclerosis, is distinguished by several stages, which may be 
briefly stated in terms of their dominant feature: (1) a commencing degeneration 
of the myelin sheath and a simultaneous reaction of the glia in the immediately 
peri-vascular tissue ; (2) an increasing glia cell proliferation and a commencing fat 
eranule cell formation ; (3) the stage of so-called “fat granule cell myelitis” ; (4) a 
commencing glia fibril formation; (5) an advancing and (6) a complete sclerosis. 
It is possible, and the possibility has been allowed for in the interpretation, that 
complications, e.g. septic fever, extreme decubitus, etc., may modify the presenta- 
tion of the picture at any stage. The histological study has given overwhelming 
evidence that the great majority of the areas in these cases, both in the brain and 
spinal cord, have arisen on the basis of this evolution through a stage of fat granule 
cell formation. On the ground, therefore, (1) of the nature of this evolution, 
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(2) that acutely-inflamed areas are rarely present, and (3) that in subacute 
processes the general architecture of the tissue is retained, it is concluded that: 

(i) The process underlying disseminated sclerosis is a subacute disseminated 
encephalo-myelitis, which terminates in disseminated areas of actual and complete 
sclerosis. 


It has been contended, however, by ScHMavS, ZIEGLER, STRUMPELL, and MULLER 
that there are two fotms of disseminated sclerosis: the one, true primary dis- 
seminated sclerosis, which develops on the basis of an increasing glia hyperplasia 
—with developmental factors as its determining cause; the other, secondary 
disseminated sclerosis, which develops on the basis of an inflammatory process; _ 
and further, that the two forms can be clinically and anatomically distinguished 
from each other. This point of view is admirably simple, and I admit not only — 
that certain areas in individual cases arise on the basis of an increasing glia — 
hyperplasia—for such in small numbers are present in my cases—but also that, — 
in certain cases of disseminated sclerosis in which the symptoms evolve very 
gradually, the areas might altogether develop on such a basis—discounting, however, 
the developmental factor. But when M@uuer, who is the most strenuous upholder 
of this position, further contends that disseminated sclerosis, developing on such a 
basis, is a “comparatively common disease” in contrast to secondary disseminated 
sclerosis, and further states that the essential histological characteristic of the areas 
in the latter forms is “areolar,” it is at once obvious that this study prevents the 
acceptance of such a uniform conception of the process—a conception which would 
rule out each of the nine cases. MiiER defends his position by arguments based — 
on clinical and anatomical data, and the objections to his contentions may be put — 
from these two points of view—clinical and anatomical. The question whether this 
is a position compatible with clinical experience lies outside the scope of this paper, 
and can be only briefly alluded to. My position is, naturally, determined by the 
cases that have come under histological observation. In these, two things stand out — 
clearly : the one that the clinical notes, though admittedly meagre, point to a sub- 
acute onset of the symptoms, with no apparent immediate cause (see later), to 
periods of quiescence and betterment followed by relapses, again with subacute 
onset, and to the circumstance that these symptoms are quite compatible with the | 
variability of the symptoms found in disseminated sclerosis. The second and more 
decisive fact, however, is related to the character of the areas. On pages 638-644 have 
been given Mijtiup’s criteria of the anatomical characteristics of the areas of primary 
and secondary sclerosis: it has also been stated above that the great majority of the 
areas in these cases develop on the basis of an inflammatory process, in MULLER’S 
sense, and that in the end-result they bear all the characteristics ascribed by MULLER 
to areas in primary disseminated sclerosis, ¢.e. with dense glia meshes in which 
persistent axis cylinders may frequently be found, and altogether different from the 
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“areolierte”” areas ascribed to secondary disseminated sclerosis. It seems, therefore, 
justifiable to assume that cases of true disseminated sclerosis clinically have as 
their basal histological features areas of actual sclerosis, which have evolved 
through a stage of fat granule cell formation, and areas which are in process of 
a similar evolution. 

It might, however, further be contended that areas arising on the basis of an 
increasing glia hyperplasia and those arising on an inflammatory basis are present 
in the same case. MULLER’s explanation of this finding is that, to the primary true 
disseminated sclerosis, due to developmental factors, a secondary form, due to toxi- 
infective influences, is superadded. I have already admitted the presence in the same 
case of areas arising in both ways, and also the presence of “areolierte” areas, and in 
the foregoing section the possibility, that a uniform explanation of the development 
of these three types of areas can be found, has been put forward. In view of the | 
essential importance of the difficulty of accounting for such types of areas, a brief 
summary of the argument there presented will be given. The essential point in this 
argument is related to the well-known fact that a common cause, according to the 
intensity and duration of its action, may produce a very varying picture, and 
therefore several factors, which cannot be strictly separated, are acting in concert. 

It is probable that when the causal agent diffuses through the blood-vessel walls 
with average concentration and intensity, areas arise on the basis of (1) a primary 
solution of the myelin—a result of the irritant action of the “noxa”; and (2) a 
simultaneous glia reaction—the result of the stimulant action of the “noxa,” and 
that such areas pass through stages of fat granule cell formation, glia fibril formation, 
to a complete sclerosis with very fine, dense glia meshes. On the other hand, if the 
causal agent be of weaker concentration and intensity and acting over a longer time, 
its stimulant action on the glia is solely in exercise : areas would then arise on the 
basis of a gradually increasing glia hyperplasia. The comparative picture presented 
by the end-result of each could be ditferentiated only by the possibly more 
isomorphous character of the resultant sclerosis in the latter case. Further, the 
“noxa” may be of stronger intensity and its irritant action predominate, so that areas 
of a more acute myelitic character arise, in which the rapid degeneration of the myelin 
sheath is accompanied by a destruction, not a mere swelling, of the axis cylinder. 
Such areas, followed by a certain amount of secondary degeneration and later by a 
reparatory sclerosis, are also found in disseminated sclerosis, but this is not the 
normal evolution of an area. At the same time it is clear that a varying intensity 
of the “noxa” might cause areas to arise, in which the resultant sclerosis shows all 
transitions from a simple retention of the glia network—the so-called “ areolierte ” 
areas of Miiumr, through areas with a certain but not complete degree of fibril 
formation—in which the proliferated glia nuclei are the nodal points of radiating 
fibrils to areas of complete sclerosis in which the glia meshes are very close. This 
varying picture, seen best with glia stains, depends, therefore, not on different under- 
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lying processes, but more probably on the varying intensity of one causal agent and 
the varying factors which modify its action in individual cases and at individual — 
times. It is concluded therefore that : 

(ii) Disseminated sclerosis is probably not due to a developmental process, and 
there are no sufficient grounds for distinguishing between primary and secondary 
disseminated sclerosis in the sense used by ZrEGLER; StRUMPELL, and MiLuzr. 


It is important to observe that this conclusion has been qualified by the addition 
of the words “in the sense used by ZrecLER, StRiMPELL, and Miuizr.” I differ 
fundamentally from those writers in their grouping of the forms of disseminated 
sclerosis into true, primary disseminated sclerosis—a developmental disease, with 
characteristic clinical and anatomical features—and secondary disseminated sclerosis, 
one of a group of allied diseases, without such. Yet it is considered that the clinical — 
and anatomical picture of disseminated sclerosis stands out clearly and well defined, — 
that it is probably due to a specific but unknown morbid agent, and that it is 
probably quite distinct from other diseases of the central nervous system, which, in — 
virtue of the disseminated distribution of their lesions, call forth clinical symptoms 
resembling disseminated sclerosis. Two of the chief of such disseminated affections 
are those due to multiple arterio-sclerotic and multiple syphilitic endarteritic pro- 
cesses, in both of which, however, a careful clinical and anatomical examination 
makes the differential diagnosis possible. Rarer forms are those due, e.g. to thromb i 
in the cerebral vessels, formed by malarial parasites, and to multiple tumour- 
formations, e.g. multiple neuromata of the central nervous system. The most 
important form, however, is that due to toxi-infective conditions, which may give 
rise to disseminated areas of myelo-encephalitis. From what has already been said 
about the varying intensity of the “noxa” and from the assumption that when this was 
stronger in its intensity areas might arise of an acute myelitic type, it may legiti- 
mately be assumed that such disseminated areas may arise in immediate relation, 
e.g. to the acute infective diseases, and produce symptoms impossible to distinguish 
clinically from disseminated sclerosis except in the acuteness of their onset and their 
severity. It is further probable that the clinical course of such cases, if they become 
chronic, would not be characterised by definite remissions and relapses, and, 
anatomically, the end-result of such areas would be characterised by a reparatory 
sclerosis or, the opposite extreme, an absence of evidence of glia reaction and the 
so-called “areolierte” areas of Mtiter. It seems unlikely that the specific toxi- 
infective agents of the different acute infective diseases can each produce a clinical 
and pathological condition so characteristic as that of disseminated sclerosis, while 
it is conceivable, and we know from experimental and other evidence that it is 
possible, that the various toxi-infective agents can call forth an acute disseminated 
myelitis which runs its course and remains stationary. The clinical symptoms would 
resemble disseminated sclerosis, but the characteristic remissions and relapses would 
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be wanting. The grounds for such a view are based largely upon an increasing 
knowledge of the selective character of toxins. Several instances of such have been 
given in an earlier section, and here allusion may be made to progressive lenticular 
degeneration—a symmetrical degeneration of the lenticular nuclei—which Wu1Lson 
traces to the selective action of the morbid agent on these collections of grey matter ; 
and also to the secondary neuroses (psychoses) following the various fevers, e.g. 
pheumonia and typhoid fever, which KRarpetin has differentiated from one another. 
Analogies can never be conclusive, but they at least mark the possible direction in 
which we may look for a solution and allow of the suggestion that a characteristic 
anatomical and clinical picture is called forth by a specific morbid agent. 

It is probable, however, that the significance of acute infectious diseases, when 
they occur in the anamnesis in definite time relationship to the onset of symptoms, 
is that which has been attributed also to chill, trauma, psychical shock, and all the 
recognised external factors: that they are capable of acting only as exciting factors 
manifesting or aggravating the condition. In four of the nine cases from which the 
material of this study has been drawn the symptoms came on without apparent cause, 
and in the other cases the chill, trauma, shock, influenza, and miscarriage cannot be 


_ regarded as in immediate causal relationship. The duration of the series of cases is 


as follows: fifteen months, four years, five years, in three cases ten years, fifteen 
years, and seventeen years. Hight of the nine patients were young women, whose 
ages averaged slightly over twenty years at the time of the first appearance of 
the symptoms. _ 

The essential points of difference between the standpoint of ZimcLER, STRUMPELL, 
and M@LuEerR and my own are very few, but they are basal. These writers confine 
true disseminated sclerosis to a disease with a characteristic clinical course, 7.e. with 
remissions and relapses. So far we agree, but this condition has, as its anatomical 
expression, an increasing glia hyperplasia (for the present the developmental factor 
at its basis may be left out of account), and from this pathological conception all the 
nine cases must be excluded. Further, these writers look upon secondary disseminated 
sclerosis as chiefly due to toxi-infective agents, and these forms have as their 
anatomical expression “areolierte” areas, and again, from this pathological conception 
all the nine cases are ruled ‘out. It may be argued that the notes in some of the 
cases do not justify our looking upon them as cases of true disseminated sclerosis, 
but if these are omitted and those only included which sufficiently point to their 
inclusion in M@uur’s clinical picture of true disseminated sclerosis, there still 
remains overwhelming evidence that the great majority of the areas arise on the 
basis of an inflammatory process, and lead to areas of actual sclerosis in MULLER’s 
sense. In five out of the nine cases areas in all stages of development were found 
in both brain and cord; in three, the areas in the cord were mostly of an older 
date, and those in the brain at all stages; while in one case the spinal cord areas 


were all of an early type, and those in the brain of a more sclerotic type. It is, 
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therefore, legitimate to assume that the varying picture is dependent upon certain 
principles which enable us to recognise different degrees of one process rather than 
several independent reactions. 

It is necessary, at the risk of ache this argument, to mention one further 
point. The anatomical expression of a “remission” must naturally be the gradual 
clearing up of the cell exudation, and a sclerosing of the tissue with a retention of 
the axis cylinders. The anatomical expression of a relapse is the presence of “ early” 
areas, so that the presence of areas in different stages of development is characteristic 
of the anatomical picture of disseminated sclerosis. Now it is conceivable that a 
disseminated myelo-encephalitis due, for example, to the direct toxi-infective agents 
of the acute infectious diseases might run a slow course—healing slowly, and if death 
resulted at this stage, the anatomical picture would show some areas actually 
sclerosed, or at least with no trace of an existing process, and others in which such 
traces were still left. It is evident that such an anatomical picture would be difficult — 
to separate from that of disseminated sclerosis, and that the long clinical course — 
would simulate a case of disseminated sclerosis with no true remissions. It is still 
further necessary to refer to cases of so-called “ acute multiple sclerosis.” Such cases 
are very difficult to classify: up to a certain point they resemble disseminated 
sclerosis in virtue of their being disseminated affections of the central nervous system ; 
but the criteria which give its characteristic course to disseminated sclerosis have 
not had time to evolve. As the pathological data, however, resemble those of a_ 
subacute process, with retention of axis cylinders, it might reasonably be admitted 
that such cases are true disseminated sclerosis, which, from the importance of the 
position of the earlier areas involved or other causes, have led to an acute course of — 
the disease and death. 

I therefore divide disseminated affections of the central nervous system into 
(1) disseminated sclerosis—a subacute encephalo-myelitis, a condition which runs a_ 
characteristic course with remissions and relapses, and (2) other disseminated affec- 
tions. The only member of this group which presents real difficulties in clinical and — 
anatomical diagnosis is that due to acute disseminated myelo-encephalitis. In this 
case the pathological and clinical concepts of the two diseases pass into each other: 
the differential diagnosis must rest, clinically, on the further course of the disease, — 
and anatomically on data which differ only in degree. . 

(iii) It is concluded, therefore, that there is much to favour the view that true 
disseminated sclerosis is due to a specific morbid agent which calls forth a clearly- 
defined clinical and anatomical picture: that other disseminated affections of the 
central nervous system, such as disseminated arterio-sclerotic, syphilitic endarteritie, ) 
and acute encephalo-myelitic processes may all produce a symptom-complex vei ye 
similar to that of disseminated sclerosis, but that they, in their further course, differ : 
from the latter in the characteristic remissions and relapses; and further, that acute 
infective diseases, trauma, chill, shock, and all known exogenous factors may act ol 
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exciting factors in lowering the resistance of the organism, and thus allowing the 
final determining factor to operate. 


The most important question yet remains: What is the nature of this postulated 
specific morbid agent which is the final and determining factor in the process? It 
has already been frequently stated that this is quite uncertain, and that there is 
not sufficient evidence to show whether it is microbial or of the nature of a toxin. 
There is much in favour of the view that the disease is toxic in origin; the histo- 
logical evidence, which is far from conclusive, is related to the absence of cell 
infiltration of the vessel walls, for it is admitted by most writers that areas of 
degeneration without cell infiltration are more usually due to toxic influences, while 
infective agents more uniformly call forth an infiltrative form of myelitis. More 
decisive, however, is the clinical evidence: many of the early symptoms, symptoms 
which sometimes last for years, are slight motor palsies and transient psychical 
symptoms, which pass off readily under treatment with faradism or suggestion— 
such transient symptoms are very suggestive of the persistence in the body of some 
toxin which exercises its action on the nervous system. The variability of the 
early symptoms, which has so frequently led to the diagnosis of hysteria, suggests 
that at this stage areas may be affected by a “nutritional” rather than a structural 
change. ‘The possibility of dynamic modification of function is now well recognised, 
in diseases of the nervous system, while as yet structural change is slight, and this 
being so, it is therefore more likely that the agent producing this varying disturb- 
ance of function is some form of toxin. The importance of determining the relation 
of the so-called Westphal-Striimpell pseudo-sclerosis to disseminated sclerosis is very 
great, for in this affection the symptoms of disseminated sclerosis are present with 
negative pathological findings. 

If we assume the presence of a toxin as the essential stimulus, we must further 
decide the route of its conveyance to the nervous tissues. The histological evidence 
in favour of hematogenous and lymphogenous spread has been given in a previous 
section: it was there stated that although certain circumstances, such as the 
frequent marked peri-ventricular sclerosis, and recent experimental evidence in 
favour of the toxicity of the cerebro-spinal fluid, point to a lymphogenous spread, 
there is no histological evidence to support this view. 

(iv) The causal agent is, therefore, probably of the nature of a soluble toxin, and 
it is conveyed to the nervous tissues probably by the blood channel. 


We have still to explain the restriction of the action of this circulating toxin 
to certain areas. The difficulty of explaining how the degeneration connects itself 
with special vascular tracts, and avoids others, has led many writers to fall back 
upon the assumption of developmental defects or minimal tissue injuries, which 
form “loci minoris resistentiz ” where the circulating toxin might settle, In the 
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histological study it has been pointed out that it is not a question of one central 
vessel, a portion of the longitudinal course of which is affected, but rather of a 
blood-vessel stem with its terminal branches or a division of its branches. It is 
probable that the circulating toxin escapes from the capillaries and transition vessels 
in the sense that the area of supply of the ramifications is affected. It has been 
suggested that the toxin may have a chemiotactic influence on certain portions of 
brain tissue, but it is difficult to conceive of such an irregularly and widely 
distributed chemiotaxis unrelated to definite functional nuclei or fibre-systems. 
The toxin may, however, conceivably select certain areas of blood supply, for it is’ 
known experimentally that certain substances can influence the blood supply of 
regional parts of the brain, and Mrynerr has suggested that this may be the 
explanation of the maniac depressive psychoses, which he looks upon as neuroses 
of the vaso-motor system limited to certain cerebral areas. The recent experiments 
of Orr and Rows also point to the possibility of a localised affection of the vaso-— 
motor system due to the action of toxins on the sympathetic nerves. In the 
present state of our knowledge, as it is impossible to determine the final causal 
agent, it is equally impossible to determine the factor which allows of its ia 
through certain terminal areas of the ramification of a blood-vessel. 

(v) It is suggested, however, that the restriction and distribution of the 
pathological process is in some way related to the selective action of the toxin on 


certain areas of the blood supply, or that unknown factors determine an irregularly — 
distributed paralytic dilatation, with an increased filtration through the vessel walls. 


It is, further, necessary to explain not only the presence of this morbid agent in 
the blood-vessels, the restriction and distribution of its effect, but also its continued 
presence in the body through a series of years, during which its action is apparently 
exhausted, remains quiescent, and again breaks out. Clinically the remissions and 
relapses are the outcome of this peculiar action, and anatomically it finds expression 
in the areas in different stages of development in the same cases. Allowing that it — 
is microbial in origin, we may find an analogy in cerebro-spinal syphilis, in which 
there are also the same exacerbations and remissions. If we admit, rather, its toxic 
origin, the closest analogy is probably found in pernicious anzmia, where it is 
thought likely that both the hemolysis and the cord changes are due to the same 
toxin. The source of the toxin is here also uncertain, but the fact that gastro- 
intestinal disturbances are so common in this disease lends support to the view that 
it is of intestinal origin, and that its intermittent evolution or its insufficient 
elimination lead to the remissions. Such analogies can again not be final, and in 
the latter case the parallel breaks down from its incompleteness. There is no known 
association of disseminated sclerosis with any changes in the gastro-intestinal tract — 
or elsewhere: the connection, if any, with glands of internal secretion has never 
been worked out: the general metabolic changes occurring in the body have not been 
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investigated ; and the cerebro-spinal fluid is known not to exhibit the cytological 
and bio-chemical changes which are so marked in para-syphilitic affections. The 
investigations of the cerebro-spinal fluid have as yet been very incomplete, and the 
evidence which tends to prove that it is toxic does not decide whether it is so as a 
result of the process or whether this toxicity is its cause. 

(vi) The remissions and relapses, therefore, necessitate the assumption of the 
latent presence of the morbid agent in the body, or, if this is an autogenous toxin, 
either its intermittent evolution, or its accumulation from deficient elimination. 


Variability of the symptoms. It is a little difficult to explain the mechanism 
of the fleeting early palsies and psychical symptoms. The possibility of an early 
dynamic modification of function has already been noted, but the period now 
referred to is one when presumably structural changes have set in. | consider 
that the involvement of the psychic areas at such a stage is to be explained in 
the same way as the affection of the motor areas. In such cases it is possible 
that the motor area or tract involvement is insignificant, for, if it were the 
essential lesion, the recovery could never be so rapid. Every movement requires 
the integrity of a large number of association areas, but we realise this only when 
we watch a child trying to walk, or a paralysed person trying to move. It is 
possible, therefore, that in these transient palsies the disturbance is in one of the 
association paths: with each recurrence of an area in such paths, motor images 
and memories would be progressively blotted out till the motor area is so cut off 
from its usual associations that progressive paralysis occurs. So long as an axis 
cylinder remains, a stimulus is capable of passing. The destruction of the myelin 
sheath probably results in the increase of the resistance to the passage of any 
stimulus. If a sufficient number of association areas can be linked up around a 
particular function, in order to elicit from it a discharge sufficient to overcome 
this resistance, them remission is possible. By stimulation through suggestion, 
faradisation, etc., these remissions may be brought about with a success dependent 
upon the degree to which the paralysis is psychic or motor. In this the extra 
stimulus is probably gained by the linking up of distantly connected association 
areas and thus utilising or deviating their energy to the desired process. It is 
also possible that when one path is blocked by disease, others, perhaps not so 
direct, or possibly new paths, may be opened up. 

The lesions are disseminated through the cerebro-spinal axis and disturbances 
are, therefore, especially liable to affect systems which are extensive. Thus the 
pyramidal fibres, in their long course from the cerebral cortex to the anterior 
horn cells in the cord, are invariably and usually early affected: this affection 
may at first be so slight as to be evidenced only in a unilateral loss or diminution 
of the abdominal reflexes, or it may be so severe as to give a spasticity great 
enough to abolish the deep reflexes. As the co-ordinating system has peripheral, 
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spinal, vestibular, cerebellar, and cerebral components, it is co-extensive with the 
nervous system : some part of this extensive system is almost invariably implicated, 
Nystagmus, tremor,— both static and intentional—and ataxia all occur: the 
spasticity to a certain extent masks the inco-ordination in the gait and gives 
rise to a spastic cerebellar type of progression. In spite of the length of the 
afferent paths of common sensation, loss of common sensibility is rare: the cause 
of this anomaly is uncertain, but it is possible that a considerable degree of 
involvement of the sensory columns may occur without a marked loss of sensibility, 
and that afferent sensory stimuli survive when weaker efferent stimuli fail. 

It has been already pointed out that many of the symptoms are due to loss of 
cerebral inhibition, and this loss of cerebral control is a source of great confusion in 
interpreting the symptoms. Just as the interception of the volitional motor 
impulses permits increased irritation of the reflex mechanism, so does the loss of the 
unconscious cerebral control permit increased irritation of the automatic, ves 
sympathetic, and the reflex mechanism. 

The frequent presence of daily variations in the symptoms after the disease has 
become established emphasises the importance of the mental factor in the 
symptomatology. Structural lesions do not thus vary, but the external evidences 
of them—the patient’s reaction to them—may vary. This variation probably 
depends upon environmental stress, upon nutritive factors, and probably chiefly upot n 
the intermittent evolution of endogenous toxins. 

(vii) It is suggested, therefore, that fleeting early motor paralyses and = 
symptoms may be related to the presence of areas in association paths: that 
remission of these symptoms is possibly due to the linking up of other association 
paths, or their compensation by the opening up of new paths; and, further, that the 
variation of the symptoms in all stages of the disease emphasises the importance 0 of 
the mental factor in the symptomatology. 


i 


; 
We are now in a position to turn to the conclusions based on definite histological 


data. An explanation has already been offered for the formation of certain types of 
areas, but one or two changes related to these areas still require to be mentioned. 

(viii) The “areolar” zones, the true “aréolar” areas, and the peri-vascular sieve- 
like areas must probably be referred to an cedema of the peri-focal and peri- -vasculal r 
tissue, due to alterations in the blood and lymph circulation, firstly within the are: a 
and then in the general tissue—through the presence of numerous foci. This is a 
secondary ad) and is the result and not the cause of the sclerotic areas. 

Areas of “shadow” sclerosis which have a definite outline or surround, with suc h 
an outline, true sclerotic areas must be ascribed to a diffusion of the toxie lymph in 
concentration insufficient to cause a complete demyelination. Such areas are fell 


” 


accompanied by a diffuse glia hyperplasia. 
Further, areas of diffuse and lighter staining, which connect true sclerotic areas 
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—sometimes over long stretches of tissue—may be caused by several factors, among 
which may be mentioned: (1) a diffuse spread of the toxic lymph in the lymph 
spaces, (2) circulatory derangements in consequence of numerous foci, (3) considerable 
participation of the axis cylinders causing a certain degree of secondary degeneration. 

Finally, especially in the cord, there are frequent evidences of an early degenera- 
tion of the myelin sheath (Marchi staining), over the whole myelinated tissue and 
the nerve roots. This must be referred to the general somatic disturbances. 


(ix) Sites of predilection are probably related (1) to the vessels: to the terminal 
ramifications of end-arteries, e.g. on the ventricular surfaces, and to the points where 
vessels break up, e.g. in the transition zone between grey and white matter—both in 
the central and cortical grey matter; and (2) to areas where much glia is normally 
present: again, therefore, to the peri-ventricular and to the peri-central tissue, to 
the optic chiasma, to the postero-median and para-median septa, to the marginal glia 
zone, and to the peri-vascular glia layer. The peri-ventricular affection was very 
marked in six of the cases, slight in other two, and scarcely noticeable in one. The 
optic chiasma and one or both optic nerves were affected in seven out of the eight 
cases in which they were examined, and in six cases there was an extensive involve- 
ment of the optic radiations on both sides—an involvement which seemed to 
extend laterally and posteriorly from the sclerosis around the posterior horn of 
the lateral ventricle. 

The frequent marked symmetry of the areas may be related to both of these 
circumstances. 


(x) Cortical areas. The essential change is a demyelination, and the cyto- 
architecture of the cortex is frequently retained. On the other hand, the ganglion 
cells may show a marked increase of their satellite cells or all stages of degeneration, 
but these changes are not strictly limited to the area of demyelination. The glia 
cells in the deepest layers are markedly proliferated and show all stages of glia fibril 
formation : in the layer of the deep pyramids there is an hypertrophy of the normal 
glia cell content with formation of fibrils—insufficient to lead to sclerosis: in the 
upper layers the glia cell changes diminish in intensity, but fine gha cell forms with 
long processes of uniform calibre are present, especially around the ganglion cells and 
capillaries ; and in the sub-pial marginal layer there is again an increase of both cells 
and fibrils. Cortical and subcortical areas were numerous in six of the cases, few in 
two, and in the ninth case not evident—but this brain was the only one not examined 
microscopically in large sections. 

The changes in the cortex have been held to account for the psychical symptoms, 
often so marked a feature in the clinical picture. Such symptoms, however, have been 
present in cases which anatomically showed little cortical change, and, again, marked 
imvolvement of the cortex has been noted in cases which clinically presented no 
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change in the intellectual or psychical functions. That the cortical areas share in 
the production of such symptoms cannot be doubted, but probably when these are 
defined they are dependent upon the inhibition of the action of those cortical cells’ 
which control the thalamic centres—the latter being intimately related to the 
emotions and forming part of Langley’s autonomic system. Such inhibition would 
take place by the presence of sub-cortical areas in relation to the cortico-petal fibres 
and to the presence of areas in the optic thalamus itself. Reference has already been 
made to the possibility that early psychical symptoms, such as restlessness, emotion- 
alism, involuntary fits of laughter, may, together with the early transient palsies, be 
referred to a functional change which precedes an anatomical, structural change. 

(xi) Ganglion cells. The ganglion cells in the grey matter of the spinal cord, 
and in the analogous nuclei in the medulla oblongata and pons, retain for a long 
time, even in the advancing sclerosis, their nucleus and chromophile granules. There 
is considerable histological evidence to show that this accounts for the absence of 
secondary degeneration in the anterior nerve roots, and, in part, for the remission of 
the symptoms—for there is no reason to suppose that such cells do not function. 

The later varied changes in the ganglion cells must be ascribed to (1) the increas- 
ing condensation of the sclerotic process; (2) the absence of function; and (3) the 
associated somatic disturbances—the latter two factors will also influence the cells 
throughout the non-sclerotic tissue. I have never seen in the cord an increase of the 
satellite cells such as has just been described around the cortical ganglion cells. 


(xii) Axis cylinders. The persistence of numerous axis cylinders in the sclerotic 
areas has been accepted as an axiom by most writers, and with this view I am in 
entire agreement. Secondary degeneration is therefore not well defined, but it 
affects a certain number of fibres. ; 

In the early areas the axis cylinders undergo a swelling, which may go on to 
a granular disintegration, but those that survive the swelling, or have not shared 
it, persist, in the advancing sclerosis, for a long time. This circumstance has been 
held to explain (1) the absence of secondary degeneration ; (2) the remissions: the 
gradual retrogression of the symptoms must be related to the resorption of the — 
fat granule cells, the swollen axis cylinders then diminish in volume, and impulses 
would thus be able to proceed by means of the denuded axis cylinders—giving, 
therefore, a remission of the symptoms; and (3) the intention tremor—it is thought 
that this impulse would be carried on irregularly in a broken or jerky manner 
and would thus produce the oscillations which disturb the due execution of the 
voluntary movements. It is supposed that this is effected in part by the absence 
of the insulating myelin sheath, which allows of the diffusion of the impulse to 
neighbouring axis cylinders and also by the pressure of the increasing glia. It 
must be remembered, however, that though function is related in development to 
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the presence of the myelin sheath, there is, as far as we know, no evidence that 
non-medullated axis cylinders do not transmit impulses as regularly as medullated 
fibres. Again, fibres lying adjacent to each other in an area do not end necessarily 
at the same level or in adjacent cells. The leakage, then, if it existed, would 
take place from the entire circumference, and the result would be not an inco- 
ordinated act, but a very feeble one, or none at all. Further, the glia meshes in 
which the naked axis cylinders lie must themselves insulate the fibre. 

The distribution of the areas in all the cases lends support to the view which 
associates tremor with disturbances of the afferent and efferent extra-pyramidal 
paths. These, according to WIxson, are respectively the cerebello-rubro-thalamo- 
cortical path from the nucleus dentatus of the cerebellum, by the superior 
cerebellar peduncle to the red nucleus of the opposite side, and thence to the 
inferior and external divisions of the optic thalamus and so to the sensory and 
motor cortex. The efferent path is the lenticulo-rubro-spinal system, by the ansa 
lenticularis and sub-thalamic region to the red nucleus, and thence by the rubro- 
spinal tract of Monakow to the anterior horns of the spinal cord. Lesions of the 
former path probably remove the inhibitory function of the cortico-petal fibres 
which pass to the cortical cells, and lesions of the latter remove the normal 
inhibiting or steadying influence which the corpus striatum exercises on the anterior . 
horn cell. Reference must. again be made to the possibility that in the early 
stages functional changes may be present, and that the so-called dynamic modi- 
fication of function may account for many of the early symptoms indicative of 
defect of cortical control. 


(xiii) Myelin sheath of the nerve fibre. It is held by many writers that the 
morbid agent has a special affinity for the myelin sheath and for the myelo- 
axostroma, a constituent element of the axis cylinder, related to the myelin. 
The question, which is the primary structural element of the nervous tissues 
attacked by the causal agent, constantly recurs throughout the literature, and 
from this histological study it will be seen that the change in the myelin sheath 
must be looked upon as the most constant, the most uniform, and in many cases 
the primary one. This has all the characters of a primary degeneration in contrast 
to those of a secondary degeneration, and is due to the destructive or irritant 
action of the stimulus. The myelin sheath is presumed to have an insulating 
action: it probably also facilitates the transit of nervous impulses. 


(xiv) Neuroglia. The glia changes set in, as a rule, simultaneously with those 
in the myelin sheath: the earlier reaction is due to the stimulant action of the 
morbid agent ; and the later reaction is secondary also to the degenerative processes. 

The glia changes correspond to the age of the process and its intensity: on the 


one hand glia cell proliferation with the formation of large protoplasmic, potential 
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fibril-forming cells, and, later, glia fibril formation at the expense of this protoplasm : 
glia cells which have produced fibrils undergo slow, regressive changes, the glia 
nuclei subsequently atrophy and disappear, and to such a disappearance is due the 
fact that the old sclerotic areas have fewer nuclei than the normal tissue: the course 
and direction of the glia fibrils is, as a rule, in the direction of the normal longi- 
tudinal course of the nerve fibres, especially in the posterior columns of the cord, 
but frequent whorls are found or a dense tangle with very fine meshes. = a 
In the progressive alteration in the glia all its component parts share—nucleus, 
protoplasm, and specific fibres: the “glia limitans peri-vascularis” is the first to 
eis signs of reaction: the abundance of the glia in an area justifies the name 
“sclerosis,” but the process may stop short of complete sclerosis and so areas are 
présent showing all degrees of density of the glia meshes: the sclerotic tissue is 
more loosely constructed in the grey matter of the cord and the analogous nuclei. 
The glia changes in the cortex lend support to the view that the adult glia 
consists of (1) cells—with nuclei, cell bodies, and protoplasmic processes ; (2) differ- 
entiated fibrils — whether anatomically independent or not; (3) inte 
fibreless glia. 
It seems unnecessary to postulate areas of glia abnormality and that the lose 
vessels carry the morbid agent to such points: but this can neither be prom 
nor disproved. 
(xv) Blood-vessels. The topographical relation of the areas pony to the bloc 
vessels, or their lymphatic sheaths, as the route by which the “noxa” is conveyed 
to the tissues : in its diffusion through the vessel walls the morbid agent causes no 
recognisable primary alteration, but probably there is an abnormal permeability 
and diminished resistance to the oscillations of the blood-pressure by which an 
increased transudation of (toxic) lymph is made possible—the only anatomica al 
expression of this is dilatation and engorgement. . 
On the ground of numerous serial sections of areas it has been concluded that it it 
is the branches of one vessel stem which are affected, and that the primary minute 
areas, related to each branch, subsequently coalesce. 
There is no evidence of a primary nuclear increase in the endothelium or in the 
adventitia: the first cellular increase is secondary to the resorptive processes 
—an infiltration of fat granule cells: this is followed by a proliferation in all 
the cell elements of the adventitia and, at a later stage, by a modified infiltrati ion 
of lymphocyte-like cells and a few plasma cells. The derivation of the nuclear 
content of the adventitia at a later stage is, therefore, a very varied one. The 
later changes in the vessel walls are related to a condensation of its adventi 
such as is found in all chronic conditions: the separate layers of the advent 
gradually blend, its nuclear contents break up, and are carried away in the lymph 
spaces or fuse with the adventitia; and finally, both adventitia and media show a 
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homogeneous “hyaline” change in which nothing can be recognised of specific 
muscle, connective tissue, and elastic elements. 


(xvi) Fat granule cells (“ Fettkérnchenzellen” ). The first fat granule cells prob- 
ably arise from the proliferation of the small round glia cells, and at a later stage, also 
from a proliferation of the endothelial elements of the adventitia. They absorb the 
degenerated myelin in the form possibly of a solution, which is precipitated as 
granules in the protoplasmic substance of the cell: they pass, or are drawn in by 
suction and the pressure of the increasing glia fibrils, into the lymphatic sheaths of 
the capillaries and transition vessels, and thence by the larger vessels to the inner 
layers of the pia. On their way large numbers are broken up in situ, and their 
_ erenated nuclei can for a long time be recognised as one of the nuclear elements of 
the adventitia. 


(xvii) The cranial and spinal nerve roots are frequently involved in the glious 
portion of their extra-medullary course. Such changes, in the posterior spinal and 
analogous nerve roots, may account for the existence of the sensory changes, which are 
_ almost always present to a slight extent, and especially for the trigeminal neuralgia. 


(xviii) The meninges. The occasional variations in the meninges are related to com- 
plications and are probably of no significance in the pathogenesis of the disease. 


Approximately final answers can, therefore, be given to the questions relating to 
_ the nature of the process underlying disseminated sclerosis, to its origin, to the 
relation of several secondary etiological factors, and to certain aspects of the mode 
of action of the final causal agent. We are, however, still quite in the dark con- 
cerning the nature of this final cause, which determines, anatomically, a process, 
_ so well defined, and one without any close analogy; and, clinically, a disease 
which, however variable the early symptoms, conceals its characteristic course only 
_ temporarily. The frequent presence of the cardinal symptoms, in spite of the seem- 
ing irregularity and incidence in the position of the areas and their restriction, seems 
to point to a certain constancy in the changes, the nature of which is not yet fully 
known, but which may be dependent on the production of a specific metabolic 
disturbance, due to a latent organism or an auto-toxin. All that is most important, 
therefore, still remains for future investigations along bacteriological, serological, 
and experimental lines, which have recently done so much to clear up the etiology 
of other affections of the central nervous system. 
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APPENDIX. 


It has already been stated that the foregoing histological study is based on the observations 
made in nine cases of disseminated sclerosis, and that, as it had been possible to follow one of 
these cases, clinically and anatomically, that case has been taken, more or less, as the basis — 
on which the study was built up. The other cases, however, were almost as minutely 
studied, and were freely drawn upon in the descriptions already given. It has, therefore, 
seemed desirable to give an account of each under the following headings :— 

1. The available clinical notes. 

2. The post-mortem report. 

3. Brief summary of the general characters of the areas. 

4. A more or less detailed description of the topographical distribution of the areas in 
Weigert sections. In reference to these descriptions it is necessary to note that in some, 
individual sections were taken, while at other levels such descriptions are given from several 
successive sections of a series, so that the latter do not completely correspond to individual 
illustrations. 


Case II. 


Clinical Notes. 


C. §.—This patient was admitted to the late Dr ALEXANDER Brucn’s wards in the Roy 
Infirmary, Edinburgh, on the 13th of July 1906. At this time she was twenty-two years 
of age, and complained of weakness in the legs and arms, and difficulty of speaking, of 
about five years’ duration. She had had measles and typhoid fever as a child, and scarlet 
fever at the age of ten. She had also had two attacks of influenza—the first about 
months before the present illness began, and the second about eighteen months previo 
to admission. She was a total abstainer, and had one child, one year old. Her fai 
and mother were both aged fifty-two, and were alive and healthy. Four brothers and 
three sisters are all alive and well. One brother died in infancy. oa 

The present illness began when she was a kitchenmaid five years ago. She notic 
then that frequently, especially when she was laughing, her legs gave way under her 
she fell to the ground. She also noticed that she let dishes fall and had curious fits of dro 
ness, especially about midday. This continued for over two years without compelling h 
to leave work. After this she suddenly got quite well and was married. About six months 
previous to admission she began to be troubled with giddiness and developed a staggering 
gait. This grew steadily worse, until she had to remain in bed. The eyesight became p 
and diplopia was present for about eight weeks previous to admission. . She noticed 
her speech had become more deliberate, and that there was some trouble with the sphine 

Condition on Admission.—She could neither walk nor stand, and cannot sit up in 
without help. There is no weakness of the hands or arms, but on making any movement 
her head always begins to nod. Co-ordination of the upper limbs is slightly interfered with. 
Sensation is impaired in the legs. The speech is staccato, and coarse nystagmus is 
in looking to the right, left, and upwards. A curious vertical movement of the upper e' 
was also noticed. The knee-jerks were much exaggerated, both plantar reflexes were 
tensor, and patellar and ankle clonus was well marked. The other organs showed not 
of note, except some involvement of the left apex of the lung. 

The nodding of the head became worse and the speech more slurring. From bei 
happy and contented, she became depressed. She remained for over a year in Dr Bru 
ward, the condition steadily progressing. She became quite unable to feed herself, ai 
slept during a great part of the day. Incontinence of urine developed, and she was re 
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moved to the Longmore Hospital, where she remained four and a half years, death being 
preceded by a curious state of coma which lasted for about a fortnight. 


Post-mortem Report. 


Post-mortem rigidity present. Marked contracture of the right leg at the hip, the 
thigh being flexed and drawn across the left thigh. 

- Brain.—The dura mater was adherent both to the brain and to the skull. The brain 

itself felt soft and cedematous. On cutting through the pons, numerous grey gelatinous 


patches were seen, especially developed round the aqueduct of Sylvius. 


Spinal Cord.—The dura and pia showed no large adhesions. The surface presented 
an almost uniform flaky appearance. On section very advanced sclerotic areas were found 
at all levels, in some occupying the whole of the section. At other levels small patches 
occurred on the surface of the cord. ; 

Heart.—Small ; considerable epicardial fat. Chambers normal in size, the valves healthy, 
as were also the muscle fibres. 

Lung.—Left upper lobe was somewhat congested. The lower lobe, with the exception 
of the extreme base, is completely solidified, at a stage of grey hepatisation. The right lobes 
were congested and cedematous, but there was no consolidation. 

Liver.—Small; vessels prominent, and marked cloudy swelling. 

Spleen.—Large, soft and almost diffluent on section. 

Kidneys —Marked cloudy swelling. Capsule strips freely. 

Skull-cap.—Thick and solid, with some little nodular new bone formation on the inner 
surface of the frontal bone. 


General Characters of the Areas. 


The extent of the affection, both of the brain and cord, was greater than in that of any 
of the other cases that came under our observation. The histological changes also, in the 
affected tissue, presented features which distinguished this case as compared with the 
others. Not only were those, characteristic of the diseased process in disseminated scler- 
Osis, more marked in degree, but there were also present the maximum of the changes which 
have been related to the chronicity of the process and to complications. We have, therefore, 
(1) an extensive demyelination; (2) a more advanced degree of sclerosis; (3) a more 
constant persistence of the axis cylinders; (4) changes in the ganglion cells associated 
with a chronic process; and (5) thickening of the cerebral and spinal meninges and a 


_ huclear infiltration of the walls of their blood-vessels and of the peripheral vessels of the 


nervous tissues. 


The spinal cord, from its highest to its lowest level, showed an almost complete demyelina- 
tion (figs. 83-88): at a few levels isolated groups or bands of peripheral fibres were left, 
which, on closer examination, were found to be related to the marginal tissue through which 


_ the anterior and posterior roots passed, and to these nerve roots themselves. Frontal 


longitudinal sections through the base of the anterior fissure showed on either side the de- 


_ mnyelinated anterior pyramidal tracts, grey matter of anterior horns, and a myelinated 


‘peripheral zone, with obliquely-coursing nerve roots (fig. 90): in Marchi sections those 


remaining fibres were found to be in an early stage of degeneration. Glia-stained sections 
showed that an advanced, but not complete, degree of sclerosis was present, and that 
this was most marked in the more central parts of the posterior and lateral columns. In 
this sclerosis many still large nuclei were left—nuclei forming the nodal points of radiating 
fibrils—showing that the tissue had not yet reached its more complete degree of sclerosis. 
Even in the lateral columns there was no evidence of the sclerosis having developed 
through stages of an increasing glia hyperplasia. Axis cylinder stains, both Cajal’s and 
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Bielschowsky’ s, at every level gave a striking illustration of the extensive persistence e 
of the axis cylinder in not only demyelinated, but in far advanced sclerotic tissue (fig. 42 1). 
At not a single level of the many examined were these wanting: they also retained their 
normal arrangement, calibre, and numbers to a remarkable degree. It must be remembered, 
however, that the cross-section of the cord was much smaller than normal. Further, the 
ganglion cells in the demyelinated and sclerotic tissue showed all degrees of pigmenta- 
tion, atrophy, and disappearance, but very many rounded forms were present, with an 
otherwise normal structure and chromatophile granule content and arrangement (cf. fig. 41 
In Marchi sections, it was possible to recognise a few fat granule cells at almost every lev 
these were, in most of the segments, confined to the walls of the vessels, and longitudinal 
sections showed beautifully long stretches of capillaries and transition vessels with a si 
outer layer of these cells along their whole course or at isolated stretches. Marchi sec 
thus gave a picture almost as completely negative as the Weigert sections, but t 
were also present a few isolated areas still in a stage of fat granule cell myelitis. ) 
areas, aS a rule, immediately adjoined the grey matter, especially mesialwards from the 
posterior horns. a 

In the medulla oblongata, pons, and mid-brain, the extensive peri-ventricular and peri- 
aqueductal sclerosis is well brought out in figs. 76-82. The cranial nuclei, without e 
ception, were involved, and their cells showed marked pigmentation and a degree of atrop. 
not nearly so marked as those in the anterior horn of the cord. Most of the areas also sho 
not so advanced a degree of sclerosis, and several areas were present in a stage of fat gra 
cell myelitis. j 

In the brain the areas were present in all stages of fat granule cell formation, and 1 
degrees of sclerosis, but the majority examined still showed fat granule cells distrib 
throughout the tissue as well as in the walls of the blood-vessels. The ganglion cel 
the cortex throughout not only the areas but in adjoining convolutions, which showe 
patch, were found to be surrounded or replaced by satellite cells (fig. 393). Cortical ai 
subcortical areas presented a marked persistence of the axis cylinders. The degree 
peri-ventricular sclerosis, the affection of the basal ganglia, the demyelination of long stretel 
of medullary rays, and the frequent involvement of the cortex, all of which were mor 
marked than in any other case, is well brought out in figs. 70-75. : 

The optic nerves, chiasma, and tracts were completely gelatinous to the nae eye, 
and as it was evident that they were demyelinated, the tissue was fixed in alcohol for Ca; 
stain. It was found that there was an apparently complete persistence of even the fi 
axis cylinders, and that these were almost unchanged in calibre. Figs. 431 and 432 are 
taken from one optic nerve and the chiasma respectively. 

The soft cerebral and spinal membranes were thickened and the vessels, both of the 
meninges and of the nervous tissues, were infiltrated with cells of a lymphocyte type. 


Topographical Distribution of Areas in Weigert Sections. 


Spinal Cord (figs. 83-90).—Areas of sclerosis caused almost a complete transec 
of the cord at every level, and in no section were more than a few normal fibres pre 
These, as a rule, occupied the marginal areas and frequently exhibited a marked 
metrical arrangement (fig. 87). The whole cord from the upper cervical region to the lo 
sacral segment seemed to be involved in the sclerosis, and the margins between white 
grey matter were invisible. The normal peripheral bus: sometimes formed a contin 
band, occupying the region of the posterior or lateral circumference of the cord, or indivi 
small groups of fibres were scattered irregularly along the circumference. The fibres — e- 
quently stain faintly, and are obviously involved in an early stage of sclerosis. In th 
eighth cervical segment a larger triangular band of darkly-staining fibres is present on € 
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side of the anterior median fissure, and this area of normal tissue on one side includes a 
portion of the grey matter. This triangular area on both sides extends into D1, but is 
diminished in size and is soon lost. Small symmetrical groups of normal fibres are here 
found at the tip of both posterior horns. In the upper dorsal region the normal fibres are 


——_ 


found in three isolated triangular groups. Such small triangular groups of normal but 
faintly-staining fibres are found at numerous levels of both the lower dorsal and lumbar 
cord. The sacral region shows the same extreme involvement. 
Medulla Oblongata.—Absent in Weigert sections. 

_ Pons Varolii.—Lower Third (fig. 76).—The distribution of the sclerosis is most irregular 
and is especially developed around the floor and roof of the [Vth ventricle. The whole 
of the floor of the ventricle is affected, with the exception of a small band at the median 
taphe, which includes the posterior longitudinal fasciculus. On the one side the sclerosed 
tissue forms a large triangular area, the base of which extends from the median raphe to the 
angle of the ventricle, and the apex reaches as far forwards as the tranverse fibres of the 
‘pons. It thus completely blocks out the whole of the corresponding restiform body, and 
as it extends around the angle of the ventricle, the nuclei of Deiters and of Bechterew cannot 
be distinguished. The VIIIth nerve passes into this area of sclerosis: the nucleus of the 
Vith nerve and part of the VIIth are also involved in this area. Close to this larger area 
are three smaller ones, one of which exactly picks out the superior olive, the second lies 
between this and the lateral fillet, and the third lies in the formatio reticularis. Several 
small or oval areas are present amongst the transverse fibres of the pons. On the opposite 
‘side a tongue-like projection is seen extending from the floor of the IVth ventricle along 
the mesial side of the restiform body ; this involves the spinal root of the Vth nerve, and 
a part of the ventral cochlear nucleus. A small dense area and several early areas are 
present in the restiform body. Two further small areas lie on the surface of the pons, one 
just mesial to the entering fibres of the VIIIth nerve, and one at the level of the anterior 
Margin of the pyramids. The lateral walls and roof of the [Vth ventricle are extensively 
affected, and a sharply-outlined area obliterates the posterior portion of the dentate nucleus 
on the right side. In front of this nucleus, in the white matter of the cerebellum, lies a 
small area surrounded by a zone of faintly-staining tissue, also with a sharp outline. 
A large diffuse early area is also found in the opposite central white matter of the cerebellum. 
Middle Third of Pons (fig. 77).—The peri-ventricular involvement on all sides is very 
‘striking. The whole of the floor of the ventricle is sclerosed, and six irregular sclerotic pro- 
jections pass ventrally from this base line. The sclerosis extends laterally around the 
angles of the ventricle : on the right side the dentate nucleus escapes, but the white matter 
adjoining contains two rounded areas, each with a zone of shadow sclerosis: on the left 
Side the dentate nucleus contains two early areas, the anterior of which is continuous with 
the sclerosis of the angle of the ventricle. Several large and small early areas are found in 
he central white matter of the cerebellum, and the white matter of the flocculi is also affected. 

In a section at a higher level (fig. 78) the peri-ventricular sclerosis forms a broad zone so 
"extensive as to involve the whole of the floor, sides, and roof of the ventricle and the com- 
plete vermis: from this zone projections of sclerotic tissue pass anteriorly into the middle 
peduncle, cutting it across on one side and reaching to the surface of the pons, and laterally 
and posteriorly into the white matter of the cerebellum. In the remaining portion of the 
‘pons several dense and early irregular areas are found. Two lie to one side of the median - 
raphe and are united by a narrow band: they involve the pyramidal fibres, the transverse 
“middle peduncle fibres, and the grey nuclei of the pons. Other three lie just in front of 
the trapezium and involve very much the same fibres as the last. The zone of sclerosis 
along the lateral sides of the ventricle extends into the hilum of the dentate nucleus on both 
sides. Several other areas are found, affecting the lamelle of the dentate nuclei, and the 
white matter of the cerebellum. On the right side the patches are oval, sharply defined 
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and fairly large : on the left there is one very large dense area surrounded by a more diffuse 
shadow sclerosis, which extends to the margin of the folie of the cerebellum. 

Upper Pons (figs. 79-80).—The peri-ventricular tissue is again very involved on all 
sides. A few fibres stain darkly in the anterior medullary velum, which is otherwise involved. 
The posterior third of one superior cerebellar peduncle is solerosed, together with a narrow 
band on the surface. Both superior longitudinal fasciculi are demyelinated and a bulb- 
shaped projection passes laterally from them into one formatio reticularis. The opposite 
superior cerebellar peduncle shows a broad band of sclerosis which extends forwards to the 
anterior margin of the middle peduncle, thus involving some of the deep fibres of the Vth 
nerve, the lateral fillet, the tract of Gowers, and adjoining fibres of the formatio reticularis 
and middle pontine fibres. On the opposite side a broader and more irregular band com- 
pletely cuts across the middle peduncles and some of the fibres of the Vth nerve, and con- 
tinuous with this broad zone a projection passes into the formatio reticularis. On the 
anterior surface of the pons three smaller, flattened, oval areas are present, one close to the 
middle line and the other two on either side of it. A large number of very minute areas 
are to be found involving individual bundles of the transverse fibres and the associated 
nuclei, or bundles of the pyramidal tracts. 

At the level of the decussation of the superior cerebellar peduncles (fig. 81) the sclerosis 
around the aqueduct of Sylvius is very well developed, but one of the posterior longitudinal 
fasciculi has completely escaped and stands out clearly in the sclerotic tissue. From the 
peri-central sclerosis a narrow band passes forwards in the middle line expanding suddenly 
to a large bulbous extremity which obliterates the decussating fibres of the superior cere- 
bellar peduncles. Small areas are found on both sides lateral to the superior conealiag ne 
peduncles, and several small areas are found on the surface just posterior to the transvers 
fibres of the pons. ‘ 

Mid-Brain (fig. 82).—Around the aqueduct of Sylvius a broad zone of sclerosis exten S 
into the surrounding tissue on all sides, involving most of the structure of the tegmentum. 
The lateral margins of the corpora quadrigemina stain normally, but both third nuclei a e 
lost. The adjacent fibres of the I[Ird nerves and adjacent parts of both red nuclei are also 
affected, and in addition several small, round areas are present in the substance of the red 
nucleus on both sides. Early shadow sclerosis is seen in both substantia nigra, but bot h 
crura are unaffected except for a slight early sclerosis close to the lateral sulcus. 

Cerebral Hemispheres.—(1) Section through the middle of the basal ganglia (figs. 70-71. ff 
at this level the peri-ventricular sclerosis is the dominant feature. This is most marked 
around the posterior horns of the lateral ventricle and along the sides of the optic thalam IS. 

On the right side a dense irregular zone of sclerosis is present along the whole lateral 
wall of the ventricle, and at the apex of the posterior horn this extends as a roughly quadri- 
lateral area into the adjacent white matter, cutting across the tapetum, the optic radiations, 
and inferior longitudinal bundle. The involvement of the anterior horn is limited to a f 
small areas in the immediate white matter: this sclerosis is separated from the ventri 
by a narrow band of normal tissue. The surface of the right optic thalamus is irregular 
attacked. Dense areas occur at its anterior and posterior borders, with earlier areas betwee 
them, and from the middle areas sclerotic tissue extends into the substance of the thalam 
One large defined patch, roughly triangular, occurs just between the optic thalamus @ 
the lenticular nucleus, involving part of the genu of the internal capsule. A smaller rou 
area involves the retro-lenticular portion of the internal capsule. Two small areas_ 
present in the claustrum, and sclerotic tissue extends from these areas into the medull 
rays of the convolutions of the island of Reil. The convolutions of the parietal opereul 
show extensive involvement both of the medullary rays and grey matter, and similar areas 
occur in the white matter of the frontal operculum. The parietal and occipital lobes both 
show numerous areas: some of these are limited to the white matter, others occupy the 
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transition zone between white and grey matter, and a few small areas are limited to the 
grey matter. 

On the left side an even broader band of sclerosis extends along the margin of the lateral 
_ yentricle from the caudate nucleus to the posterior horn. A few minute areas are found 
_ on the ventricular surface and in the substance of the splenium, and from the posterior horn 
irregular projections of sclerotic tissue pass into the adjoining white matter, again cutting 
across the tapetum, the optic radiations, and the inferior longitudinal fasciculus. Along 
the course of these bundles of fibres small round or oval areas are found in the substance 
of the white matter of the occipital lobe : some of these reach to the medullary rays of the 
convolutions of the calcarine fissure. The anterior horn shows a patch more or less tri- 
angular, near its tip, and another area extends inwards just anterior to the caudate nucleus. 
The genu of the corpus callosum at this level is normal. The optic thalamus is very ex- 
tensively affected, the irregular surface zone extending inwards into its substance for about 
one-third of its transverse diameter, leaving here and there a few bundles of less affected 
fibres. Two isolated early areas are seen in the substance of the optic thalamus itself, one 
circular, and the other, elongated, involves the internal capsule. Numerous minute elon- 
gated areas are present in the claustrum and on either side of it, and one of these extends 
for some distance into the putamen. From the claustrum the sclerosis extends into the 
apices of several of the convolutions of the island of Reil. Several small areas are present 
in the frontal and parietal and occipital white matter, and an extensive demyelination affects 
the medullary rays, especially of the parietal convolutions. 

(2) Sections through the upper part of the basal ganglia (figs. 72-73) show a still greater 
degree of peri-ventricular involvement : the lateral walls of the lateral ventricles throughout 
their whole extent on both sides presenting broad, irregular bands of sclerosis which cut 
into the substance of the optic thalamus and white matter. 

On the right side the posterior horn sclerosis forms a wide band, the apex of which 
extends for a long distance into the occipital white matter, along the course of and involving 
the tapetum, optic radiation, and inferior longitudinal fasciculus. The splenium along its 
whole ventricular surface is also irregularly affected. The anterior horn presents a crescentic 
zone of sclerosis, which again extends into the white matter of the frontal lobe along several 
lines. The genu of the corpus callosum presents a narrow band of sclerosis along its ven- 

tricular surface. From the ventricular surface of the caudate nucleus and the lateral part 
of the optic thalamus, irregular areas of sclerosis project into their substance. Very numerous 
small circular areas are found in the anterior portion of the optic thalamus, and larger areas 
_ extend from it across the internal capsule into the lenticular nucleus. Two areas cut across 
the anterior limb of the internal capsule, cutting across the fibres passing between the caudate 
nucleus and the lenticular nucleus. A narrow band of sclerosis extends along the greater 
part of the claustrum: this is continuous posteriorly with the lateral portion of the post- 
erior horn sclerosis, and laterally it sends projections into the medullary rays and grey 
“matter of the island of Reil. Two well-defined areas are present in the frontal operculum, 
one limited to the cortex, the other reaching from the white matter to the surface. The 
t parietal lobe shows numerous early and late areas in its white matter and an extensive and 

continuous affection of the medullary rays and cortex. In the occipital lobe very numerous 

small areas lie posterior to the splenium, while the tissue from posterior horn to the base 
4 of the calcarine fissure presents one long stretch of sclerosis, with smaller detached areas 
_ in the adjoining medullary rays. 

On the left side the sclerosis resembles very closely that of the opposite side. The ex- 
tensive involvement of the optic radiations; the very numerous areas in the substance of 
the optic thalamus, internal capsule, lenticular nucleus and claustrum ; the continuous 
demyelination of numerous medullary rays and convolutions—especially of the parietal 
lobe; and the areas in the corpus callosum, are all present in an equally marked degree. 
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(3) Section above the level of the lateral ventricles (fig. 74). A section through the — 
cerebral hemispheres at this level shows over twenty isolated areas in varying stages of 
development. These are distributed through the grey and white matter, and more than 
half of them lie in the frontal lobe and are of ey varying shape and size. They are described 
more fully in the histological study under “ cortical and subcortical areas,” as most of them 
involve the medullary rays and adjoining grey matter : a few are limited to the cortex. 

(4) Sections of both hemispheres above this level (fig. 75) show an only slightly less 
involvement. Their distribution corresponds closely to that just described, but more 
are limited entirely to the white matter, and one or two are limited to the cortex. Sections — 
still higher show that numerous areas are present up to the extreme vertex of the hemispheres, ; 
and that they are slightly more numerous at the frontal end. 


Case III. 


Clinical Notes. 


Mrs G., aged thirty.—Patient was admitted to Professor GREENFIELD’s ward, Royal In- 
firmary, Edinburgh, on the 13th September 1911, suffering from weakness of both legs and 
the right arm. Three years previously she had a miscarriage at the seventh month, and 
three months later began gradually to lose the power of the right arm and leg. This increased, 
until in three or four months she could use only the left leg and walk by holding on to things. 
Since that time she has become gradually more helpless and her general health feebler. On 
12th September 1911 she had a shivering fit during the night, and on trying to get up her 
legs became rigid, and she fell back on the floor: she has little recollection of anythi ng 
that has passed till her admission to the Infirmary on the day following. 

Previous Health, etc—Patient had inflammation of the bladder nine years ago. a e 
has had four children, two of whom are alive and well. Her family history is negative. 
home surroundings are poor. 

Condition on Admission.—Patient looked very ill and was half dazed. There is no cedema 
of the legs. Nervous system: the pupils react equally to light and accommodation, 
the ocular movements are normal. The arms can be moved very slightly, and the grip 
both sides is very feeble : there is a tendency to drop-wrist on both sides. Flexion 
extension are very feeble. Very slight tendon jerks can be elicited in both arms. The 
legs can hardly be moved: the right leg cannot be drawn up at all, and the left only toa 
slight extent, and with great difficulty. Both feet can be flexed to a slight extent. 
patellar reflex and the knee-jerks are absent on both sides. There is no ankle clonus, appa ar- 
ently from the tendency to a spastic extended condition. The abdominal reflexes are absent. 
There is no paralysis of the face. The urine had to be drawn off. There is no anesthesia 
anywhere, as far as can be made out in the patient’s half-dazed condition. There is 
much of note in the other systems. Staphylococci and bacillus coli are present in the vagi 
discharge. On ophthalmoscopic examination on 16th September the discs appeared normal. 

Progress.—The symptoms varied much: at times the knee-jerks were exaggerated ai 
at times were absent. The plantar reflex was extensor; ankle clonus was present on 
the right and occasionally on the left side. Sensation was affected. Pus was present in 
the urine since admission, with swinging temperature and symptoms of pyelitis. Death 
occurred on the 24th November from toxemia and exhaustion. 


Post-mortem Report. 


The body is that of a young, slightly built female. Rigor mortis general. No adhe 
or excess of fluid in pleura, pericardium, or peritoneum. 
Brain.—Skull-cap heavy and dense ; somewhat nodular appearance on the inner tabh 
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especially in the frontal region ; diple practically absent. Dura somewhat thickened 
but not unduly adherent. Pia arachnoid shows slight, patchy thickenings and is edematous. 
Convolutions somewhat flattened over both temporal regions, especially the left. Slight 
thickening of the arachnoid at base. Vessels at base not altered. 

Spinal Cord.—Thickening of dura in the cervical region. In the cervical, upper dorsal, 
mid-dorsal, and lumbo-sacral regions there are slightly depressed, firm, silver-grey areas 
varying from 2 cm. to 1 mm. in length. On section these have a grey gelatinous appear- 
ance, and extend from 1 mm. in diameter to the whole thickness of the cord. The cord 
has elsewhere a shrivelled appearance and is firm. 

Lungs.—Slight emphysema of upper lobes and margins. On section there is congestion 
throughout. 

The liver shows engorgement of larger vessels and cloudy swelling. 

The kidneys are both enlarged: both ureters are dilated and slightly tortuous: on 
_ section there are found numerous small abscesses along the lines of the vessels in the cortex 
and in the pyramids ; and the vessels and pelvis are much congested. 


General Histological Characters. 


There were no outstanding features in this case such as were noted in Case II, with the 
possible exception of the extensive diffuse and faint staining referred to as occurring fre- 
quently over the whole transverse section of the cord. This affected chiefly the lower dorsal” 
and the lumbar segments. In marked contrast also to the widespread sclerosis of the cord 
in the previous case were the numerous isolated areas found, especially in the dorsal cord 
(fig. 109). Several of these were followed in serial section, and some were found to extend 
over not more than from twenty to thirty celloidin sections. Such areas were found most 
frequently around the dorsal portion of the posterior median fissure and in the lateral columns. 
The sclerosis of the cervical enlargement of the cord was, however, very marked, especially 
at C6 (fig. 105). Marchi sections proved the existence of very numerous areas in all stages 
of fat granule cell formation : some of these areas were very minute, corresponding to those 
cut in serial section ; others extended over the whole antero-lateral column and the adjoin- 
ing grey matter. Glia sections showed that the sclerosis was again more advanced in the 
central portions of the posterior and lateral columns. Bielschowsky preparations gave 
very unsatisfactory pictures in this case, but faintly-staining, swollen axis cylinders could 
be recognised in large numbers in most of the areas and in one or two of the minute areas 
in almost normal numbers. The ganglion cells showed changes which could be related to 
a slow sclerotic process and also to the toxemia from which the patient suffered: at many 
levels the ganglion cells were deficient in number, having undergone a slow atrophy and 
disappearance, and other cells were found with marked condensation of the whole cell 
structure and deep staining. 

The very numerous central areas showed beautifully the three types of areas met with 
in Marchi preparations: (1) that giving a negative picture, in which the process had become 
Stationary ; (2) that in which a peripheral zone gave evidence of an advancing process or 
one not yet exhausted (fig. 311); and (3) that in which the fat granule cell formation was at 
its height (fig. 301). All transitions between these types could. be found, and sometimes 
an old area was found in which fusion with a more recent area had occurred along one margin. 
The glia stains likewise-showed areas in all stages corresponding to the above, but also gave 
examples of the different degrees of sclerosis which an area may reach after the active process 
has apparently come to a standstill (figs. 367-369). The degree of peri-ventricular sclerosis 
is sufficiently indicated in figs. 93-96: it was found that this sclerosis, to a large extent, 
showed a peripheral extending zone of fat granule cells. The cortical ganglion cells, not 
only within the areas but in the adjoining stretches of the convolutions, again were sur- 
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rounded by numerous satellite cells. The blood-vessels had, to a very striking extent, their 
adventitial sheaths dilated, and in areas passing over from the base of the radiations i 
the deeper cortical layers the short and long medullary vessels, with widened adventit 
could be traced passing out from the area at both limits. In the areas in the central y 
matter the vessels often showed clearly the gradual disappearance of the cell content of t 
vessel wall—after the removal of the fat granule cells—and the very slow fusion of the 
previously separated connective-tissue fibrils of the adventitia into a “ hyaline’ homo- 
geneous layer (cf. figs. 14-15). 


Topographical Distribution. 


Spinal Cord.—Cervical Enlargement (figs. 104—108).—At C5 the two most marked areas 
occur in the form of triangles : the one has as its base a line drawn outwards from the 
terior commissure and its apex is the tip of the anterior fissure. The other has a cu 
base in one postero-lateral periphery of the cord: its apex is continuous with the la: 
angle of the other triangle in the centre of the grey matter; and it blocks out the w 
of the antero-lateral column, the posterior horn, and part of the adjacent posterior col 
A bowl-shaped area is present in the posterior columns, with its base on the surface of 
cord, and diffusely-staining fibres extend antero-laterally from it. A narrow zone cle 
outlines the other posterior horn, and two smaller areas appear in the lateral column of 

‘side. At C6 there is almost a complete transection of the cord: five separate grou 
normally-staining fibres remain—two of these lie on one side at the anterior and p 
terior root zones; a third, larger, area near the opposite posterior root zone and anter 
from it; and the others are isolated fibres near to the central canal and the para-medi 
septum on the same side. At C7 one large area involves the whole of one-half of the co 
with the exception of the tissue anterior to an undulating line drawn outwards from t 
base of the anterior fissure: it passes into the grey matter and posterior columns of 1 
opposite side—leaving a small isolated group of fibres closefto the posterior root-entry 20: 
The borders of the anterior fissure are also involved, and this sclerosis is continuous 
the larger area. On the opposite side a semicircular marginal area is present, opp 
the lateral aspect of the anterior horn, together with a smaller patch directly anteri 
the horn. At C8 the anterior half of the cord stains well: the postero-lateral columns: 
one side are completely sclerosed, with the exception of isolated fibres in the posterior ro 
entry zone and in the column of Goll: and on the other side the postero-lateral colum: 
with the exception of its anterior portion and a band of fibres in the column of Burdae 
the anterior horn escapes on this side, while on the opposite side only the antero-m 
portion is free. 

Dorsal Region (figs. 108-111).—In D1 the whole of one-half of the cord is again invo: 
with the exception of a triangular area which lies in the columns of Burdach, immedi 
adjoining, and including, part of the posterior horn. On the opposite side the sclerc 
involves the cord posterior to a line drawn outwards from the central canal, but into t 
sclerotic tissue a pointed process of normally-myelinated grey matter passes, so tha 
normal antero-lateral portion has one sharply concave and one curved border, both cl 
outlined. In D3 the sclerotic area is in the form of a right-angled triangle—one side 
formed by a line in the opposite column of Goll parallel to the posterior median fis 
the other side by a line drawn outwards from the base of the anterior fissure, and the 
being formed by the curved circumference of the cord. A number of smaller area: 
also present : one lies on the surface in the centre of the anterior root zone ; a second, marg 
area in the opposite side, half-way down the anterior fissure ; a third in the apex of the 
posterior horn; and a fourth in the fibres immediately ventral to this horn. At D4 thi 
latter area has become an elongated oval, and is continued by faintly-staining fibres as fat 
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as the posterior commissure: a further area involves one anterior quadrant of the cord, 
with the exception of a group of fibres in the angle of the anterior fissure—this area is pos- 
teriorly surrounded by a faintly-staining zone. At D8 the posterior column area has again 


- diminished in size and is limited to an oval, with indistinct outlines, surrounding the dorsal 


portion of the posterior median fissure : in both posterior horns a narrow band of demyelinated 


_ tissue stretches from the surface to the peri-central tissue; and a small marginal tri- 


, 
j 


4 Se 


angular area lies ventral to one posterior horn. At D10 the section is normal except for 
a narrow band in one posterior horn and a small area continuous with it in the posterior 
root-entry zone. At D12 the section is also normal, except for a slight peri-central sclerosis 
and a diffuse and faint staining in the antero-lateral and posterior columns. 

Lumbar Region (figs. 112-113).—With the exception of the outer two-thirds of the 
posterior columns, the whole section at L1 shows extensive diffuse staining: at L2 the 
whole transverse section is similarly involved—a triangular area in the one posterior 
column alone escaping. This faint diffuse staining of the whole cord is continued 
throughout L3 and L4. 

Medulla Oblongata.—At its lower level (fig. 98) there is a large and dense area of sclerosis 

_ present in the region of the substantia gelatinosa Rolandi, which is completely obliterated. 
together with the descending root of the Vth nerve and the adjacent formatio reticularis 
fibres. At the middle of the inferior olive (fig. 99) five small areas are present: these lie _ 
around the central canal, in the substantia gelatinosa Rolandi, in the descending fibres of 
the Vth nerve, in the gracile nucleus, and on the surface of the pyramid all on the same side. 

Pons Varolii.—A section through the lower portion of the pons shows no marked in- 


of the ventricle as far as the VIIth nucleus: it involves also part of the VIth nucleus, the 
fibres of the VIIth nerve during this part of their course, and a small projection reaches 
as far as the mesial side of the restiform body. A large number of diffuse areas is present 
in the white matter of the cerebellum : most of these show a central zone of dense sclerosis, 
and two of these are present in the right dentate nucleus. Several small areas are present 
in individual folie of the cerebellum. 

Middle Pons.—Sections at this level show few areas: one small patch extends inwards 
from the surface into the right cerebellar white matter, an early band of sclerosis extends 
trom the ventricular surface into the right dentate nucleus, and the nodule is demyelin- 
ated. Ata higher level the motor nucleus of the Vth nerve on one side is picked out, and 
still higher a round dense area is present anterior to the end of the right superior cerebellar 


; 
. 
4 
volvement of the peri-ventricular area. One large area, however, extends from the floor 
i. 
3 
. 
4 
F| 
. 
: 
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_ peduncle. This area extends inwards from the surface and involves part of the lateral fillet 


_ and a portion of the fibres of the superior cerebellar peduncle before their decussation. 
» Mid-Brain.—The peri-aqueductal tissue is here irregularly involved: on one side the 


sclerosis affects only the adjoining grey matter, but on the other it spreads out as a tri- 


_ angular-shaped area into the white matter and includes a small portion of the anterior IlIrd 


nucleus. The emerging oculo-motor fibres are also involved, and several small areas lie 

in the crura on one side. The optic chiasma is cut across by an oval-shaped band of sclerosis 
(fig. 101) not far from the middle line, and a smaller oval area is found in the remaining 

substance of the chiasma, an area which in serial section is found continuous with the larger 

one. The inner aspects of both optic nerves, near the chiasma, are also affected (fig. 100)— 

the zone of sclerosis being continuous with the anterior margin of the sclerotic band in 
the chiasma. 

Cerebral Hemispheres.—(1) Horizontal section through the basal ganglia near the base 
of the optic thalamus (figs. 93-94). The peri-ventricular localisation is in this case again 
very marked, especially around both posterior horns. These are surrounded by irregular 
zones of sclerosis, which extend for a varying distance into the adjoining white matter : 
on the mesial side of both horns this extends into the grey matter at the base of the fissure : 
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on the outer side it involves the tapetum, the optic radiations, and the inferior longitudinal 
fasciculus ; and posteriorly it is continued in a series of round or oval areas along the line 
of these groups of fibres to the apex of the occipital lobe. Around the anterior horns the 
sclerosis is less extensive, but the ventricular surface of the corpus callosum is affected by 
a narrow zone, specially marked at the angle of one ventricle. A broad band of diffuse, 
faint staining is present on the ventricular surface of the right optic thalamus, and withi n 
this incomplete sclerosis lie denser areas—especially towards its posterior and outer portion. 
Two well-defined early areas are found in the retro-lenticular portion of the internal capsule, 
and narrow bands of demyelinated tissue lie in the claustrum. The optic thalamus on the 
left side is not so extensively affected, but several small areas lie near its anterior ventricular 
surface. A number of minute areas occur in the white and grey matter of the different 
lobes : some of these are limited to the cortical white matter or to the medullary rays, but 
most extend from the medullary ray into the cortex. The most clearly-defined of these 
areas lie in the convolutions of the right parietal operculum, and the left middle temporal 1 
convolution. 

(2) Horizontal sections through the basal ganglia above the middle of the optic thalamus 
(figs. 95-96). The peri-ventricular affection around the posterior horns is now still more 
evident : the lateral walls of the ventricle show broad zones of sclerosis, which on the right 
side can be traced in the white matter from the retro-lenticular portion of the internal cays le 
almost to the tip of the occipital lobe. On the left side areas, apparently isolated from 
this zone, pass outwards almost to: the base of several of the medullary rays of the parieti 
convolutions. The ventricular surface of the splenium of the corpus callosum, on both 
is eaten through by dumb-bell shaped areas, which pass through the forceps major i 
the medullary rays of the convolutions of the gyrus fornicatus. The ventricular surface 
of the central part of the splenium is also extensively involved, and in addition several mim 
oval, isolated areas occur in its substance. The long diameter of these areas is in the kh 
axis of the fibres. The anterior horn on each side shows an almost symmetrical involveme 
being surrounded by a deep bowl-shaped or cup-shaped area, which in other sections is foum 
to be continued for some distance into the frontal white matter. The ventricular surfa 
of the optic thalamus show an early change, and the zone of sclerosis along the lateral y 
of the posterior horn is continuous with sclerotic tissue at the posterior border of the medial 
nucleus. The branches of the lenticulo-optic and lenticulo-striate vessels have dilated 
adventitial sheaths and are surrounded by lighter-stained zones. One of these, on the left 
side, extends to involve a part of the optic thalamus, the posterior limb of the internal cap- 
sule, and a portion of the lenticular nucleus. Numerous minute and larger areas are present 
in the white matter of the medullary rays, some of which reach over into the cortex. bee 
the left side one of these sharply cuts off the fibres as they pass to two convolutions | of 
the parietal lobe, and completely demyelinate the rays and radiations of these, with the 
exception of a few radiating fibres of one convolution. f 

(3) In the hemispheres at all the levels above the roof of the lateral ventricles (fig. 97) 
a very large number of areas were present. Some of these were large and affected the wh 
matter at the base of several adjoining convolutions, and extended to involve grey and white 
matter indiscriminately : the cups of several of the convolutions were also involved. The 
more striking of the areas are well brought out in figs. 97 (a), 279, and 281. 


Case IV. 


Clinical Notes. 


J. W., admitted to Longmore Hospital, 2nd December 1910; died 17th January 1911. 
Duration of illness—five years. 
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Post-mortem Report, 19th January 1911. 


Spinal Cord.—The cord as a whole is small, especially in the dorsal region. There are 
one or two calcified plates in the arachnoid. On the surface of the cord a number of irregular, 
bluish, gelatinous spots could be seen. A particularly large one could be seen in the upper 
lumbar region. This was removed for experimental purposes. 

On section of the cord there were seen exceedingly well-developed patches of dis- 
seminated sclerosis. On the surface of the pons one distinct patch was found, but the 
brain was not cut into. The membranes appeared healthy. 

Heart.—Small; slight fatty change at aortic and mitral valves. Otherwise healthy. 

Lungs.—Left healthy. Right: externally showed extensive consolidation of the greater 
part of the lower lobe and posterior parts of upper and middle lobes, a few unconsolidated 
portions standing out very clearly against the consolidated portions. On section : through- 
out the consolidated parts were abundant white tubercles, which on microscopic examina- 
tion were found to be due to a septic staphylococcal broncho-pneumonia. The distri- 
bution of these patches was apparently bronchial, but the consolidation was so extensive 
as to be almost lobar. There were no enlarged bronchial glands. 

Liver.—Small, especially the left lobe. Healthy appearance on section. 

The spleen and kidneys were small and very pale: the suprarenals were apparently 
healthy, and the mesenteric glands not enlarged. 


General Histological Characters. 


The parts most extensively affected in this case are the cervical and dorsal cord: the 
numerous cranial nuclei and the intra-medullary course of their fibres, especially those of the 
Uird, Vth, Vth, VIIth, and VIIIth nerves; and the tissues around the lateral walls and roof 
of the [Vth ventricle, especially marked in relation to the dentate nuclei (figs. 121-122), 
The sclerosis around the walls of the lateral ventricle, with the exception of the walls of 
the descending horn which .were very strikingly changed, was much less noticeable than 
in the previous case, but both the genu and splenium of the corpus callosum showed numerous 
areas (figs. 114-115). The basal ganglia showed a few isolated areas, and numerous areas 
were present in the convolutions, especially those of the upper levels of the hemispheres. 
The meninges and cortical vessels showed a considerable degree of cell infiltration. 

The areas in the brain gave the impression of being, as a rule, of older date than those 
in the spinal cord. No areas in the central white matter were found in which there was 
not a well-marked central sclerosis, and many were present in which there was no evidence 
of an existing process. Such areas showed all degrees of sclerosis from a loose neuroglia 
network to a fairly dense tissue with fine meshes. Many areas, however, showed the presence 
of fat granule cells both in their peripheral zone and around the vessels in the central denser 
Zone. The peri-ventricular sclerosis was also of an older date than in the previous case, 
and few fat granule cells were found in the walls of the sub-ependymal veins. The structure 
of the more recent areas in the cerebral white matter and in the transition zones gave the 
impression of a slow excentric sclerotic process. One or two of the areas (fig. 286, and cf 
figs. 391-392) in the deepest layers of the cortex showed beautifully the typical structure 
of such areas, composed of a fine network of delicate capillaries, in the meshes of which 
lie large protoplasmic glia cells with branching processes, many of which are attached to 
the capillary walls. In the finer meshes formed by the capillary network and the branching 
processes lie numerous fat granule cells and small round cells. 

The areas in the pons, medulla oblongata, and spinal cord all showed numerous fat 
granule cells, except those in the posterior columns of the cord, which were very densely 
sclerosed. Bielschowsky preparations demonstrated the persistence of many axis cylinders 
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in many of the areas, but these were more markedly swollen and faintly stained than in any 
of the other cases. The areas in the cord, especially in the cervical enlargement, were, as 
a rule, sharply outlined and, though many areas of “shadow ”’ sclerosis could be traced, 


these were also less numerous than in some of the other cases. 
a 


Topographical Distribution of Areas. 


Spinal Cord.—Cervical Enlargement (figs. 125-129).—At its upper level several areas a 
present : one lies in the posterior columns, roughly triangular, with its apex near the cen 
canal: the other patches involve the crossed pyramidal and direct cerebellar tracts on eacl 
side ; and a band of sclerotic tissue connects that on the left with the area in the posterior 
columns. Lighter staining is present in the white matter at the tips of both anterior horns. 
In the sixth segment the posterior column patch is now limited to an area on each side of 
the middle line; the lateral patches are still present—the one extending to involve 
whole lateral region of the cord, the other separated from the surface by a narrow zon 
normal fibres. The early areas close to the anterior horns are present as before. In 
seventh segment the posterior area is very irregular in shape and very extensive. 
sclerotic tissue extends anteriorly along the two sides of the anterior median fissure, involy- 
ing the tissue around the central canal: it then passes dorsally to involve the whole of one 
posterior horn with all the corresponding white column and the greater part of the opposite 
posterior columns: it also extends laterally to involve the lateral region on one s 
The opposite crossed pyramidal and direct cerebellar tracts show an area commencin; 
the surface and extending inwards to involve the posterior horn, and an oval area lie 
the white matter in front of the right anterior horn. In the eighth segment two areas 
present : one in the posterior region, which extends into the lateral portion of the cord, 
the area in the opposite crossed pyramidal tract, which is now smaller. At the first do 
segment the posterior patch is extremely irregular and forms a band which arises in 
middle of one posterior column and extends into the middle of the opposite posterior column, 
It also sends a tongue- -like projection in the direction of the central canal, the posterior com- 
missure of which is sclerosed. This area is connected with a large sclerosed area in the 
opposite side of the cord by a number of separate strands which pass through the grey matter 
at the root of the anterior horn. 

Dorsal Region (figs. 130—134).—In the upper dorsal segments the whole of the centre of iy 
the cord is occupied by a patch which sends marked projections both dorsally and latera 
At a slightly lower level this becomes broken up into three areas: one on the lateral 
of the anterior horn, one in the posterior columns close to the posterior commissure, and 
the third in the lateral columns, involving crossed pyramidal and direct cerebellar tracts. 
About the middle dorsal region the most extensive involvement is a patch on both sides of 
the anterior median fissure, which extends into each anterior and antero-lateral column, 
obliterating the anterior grey matter on one side and including part of the corresponding 
posterior horns. In the lower dorsal region four individual areas are present : one, around 
the central canal, which extends into the posterior columns ; another occupies the whole 
of the lateral region of the cord; a third involves the lateral horn and the adjoining grey 
matter; and the fourth reaches from the tip of the anterior horn to the periphery of the ¢ 
In the last dorsal segment there is a dense patch in the posterior columns, extending fro1 
the central canal backwards: a second dense area is found between the lateral horn an ad 
the surface ; and a third, early, area in the crossed pyramidal tract of the opposite side. 

Lumbar Region (figs. 135-138).—In the lumbar region the areas are very few, small, and 
isolated. In the first segment a narrow ring of sclerosis surrounds the central canal, and 
there is an indication of early involvement of one crossed pyramidal tract. In the second 
segment early areas occur in both crossed pyramidal tracts, at the inner anterior angle of 
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the anterior median fissure on both sides, and in the white matter between the tip of the 
right anterior horn and the periphery. In the third segment the pyramidal involvement 
is scarcely recognisable. The posterior columns, near to the central canal, show early 
_ change; and a dense area is found along the left side of the anterior median fissure— 
_ extending to meet the area around the central canal and sending a projection into the 
grey matter of the posterior horn. In the fifth segment the central canal shows a slight 
ring of sclerosis, and evidence of early involvement is found along each side of the anterior 
median fissure. 

Sacral Region (figs. 139-142).—In the first and second segments the change is limited 
to slight involvement of the lateral column on one side, but the third segment shows an 
almost complete sclerosis of the cord at this level—the only fibres escaping being a few 
peripheral, symmetrically-situated, antero-lateral and posterior fibres. The fourth sacral 
segment shows again little change—a small area being present around the central canal 
and at the tip of the left posterior horn. The nerve roots of the cauda equina are normal. 

Medulla.—Just above the decussation of the pyramids. A quadrilateral area extends 
round the central canal: from one corner of this a large irregular patch passes to the 
anterior surface along the middle line, cutting through the middle of the decussation. At 
a slightly higher level (fig. 118) the central canal sclerosis is still well marked, but it is separated 
from the adjoining area, which occupies now the position of the left pyramid—leaving only 
a few superficial fibres intact. This portion, as it is traced upwards, diminishes in size and 
disappears altogether (fig. 119). The patch around the central canal is still present, together 
with a small elongated area in the right mesial fillet parallel to the median raphe. Small 
symmetrical areas are found in the outer arm of the accessory inferior olive on each side— 
limited to the grey matter of the nucleus. 

Middle Medulla.—An isolated area is present between the right pyramid and the adjoin- 
ing part of the inferior olive. This affects slightly the right pyramid and intersects the 
fibres of the hypoglossal nerve. A smaller area is found in a similar position on the opposite 
side. At a slightly higher level these areas disappear and only one patch is present, involv- 
ing the right restiform body. This area, when traced upwards, becomes much larger and 
extends forwards along the surface almost as far as the level of the inferior olive (fig. 120). 
A similar area appears in the opposite restiform body and this, when traced upwards, is 
found to reach the angle of the ventricle. 

Upper Medulla.—The floor of the ventricle is here normal. A “shadow” area extends 
from the angle of the ventricle on one side to the surface of the medulla, and two older areas 
are found in the same position on the opposite side—separated from each other by normal 
fibres and unconnected with the ventricle. The left mesial fillet is almost completely obli- 
terated by an area which extends across the raphe into the opposite olive and part of 
the pyramidal tract. The left olive contains two areas, one between the olive and the 
pyramid and the other immediately dorsal to the olive. Several smaller areas occur in 
the formatio reticularis. 

At the extreme upper limit of the medulla (fig. 121) a dense irregular area extends from 
the ventricle to the surface, obliterating altogether the restiform body and extending into 
the white matter of the cerebellum, and surrounded more or less by diffuse “shadow ” 
areas. On the opposite side a diffuse, irregular area extends from the angle of the ventricle 
into the white matter of the cerebellum. On both sides the peduncle of the flocculus and 
the intra-medullary portion of the VIIIth nerve are involved. An early area is found also 
in the hilum of the right dentate nucleus. 

Pons Varolit.—Lower Third.—A dense area extends along the floor of the ventricle from 
the median raphe to the angles: this is surrounded by a more diffuse sclerosis. An area 
of dense sclerosis is found along the middle third of the raphe, and here also is found a sur- 
rounding zone of lighter staining. Both facial nuclei and part of the fibres of each facial 
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nerve are involved in the sclerosis. The white matter. of the cerebellum on both sides shows 
irregular diffuse areas of ‘‘ shadow ”’ sclerosis. The dentate nucleus on both sides contains 
in its hilum early areas, with an additional area of older date on the left side. The moa 
lary cores of the vermis are markedly altered. ; 
Middle Third (fig. 122)—The patches here are mostly small in size and are related - to 
the ventricle. One area of sclerosis extends from the median raphe to one angle of the ven- 
tricle, and in relation to it a more diffuse “shadow ”’ sclerosis is present. Several other 
diffuse and dense areas are present in the formatio reticularis on both sides, and one very 
marked area is present in the intra-medullary root zone of the left Vth nerve. Numerous 
patches are found in relation to the dentate nuclei, several small ones in the middle peduncle, 
and several of the cores of the foliz of the cerebellum are cut across by minute patches. 
Upper Third.—Patches, around the aqueduct of Sylvius, pass into the posterior portion 
of each superior cerebellar peduncle. Numerous smaller areas occur on each side of 
raphe, in the formatio reticularis, and a dense area, in front of the superior cerebe 
peduncle, obliterates the lateral and part of the mesial fillet. On each side dense areas of 
sclerosis involve the emerging root zones of the Vth nerve—the one on the right side ex- 
tending irregularly from it around the surface of the pons into the middle peduncle fibres. 
Another small area is found in the transverse fibres near the left margin, while several early 
areas appear in the pyramidal and other fibres, and the grey matter in this region. R 
At a higher level (fig. 123) the areas round the Vth root zones increase rapidly in si 
especially on the right side. The area around the aqueduct extends forwards to involve 1 
IVth nucleus and the motor fibres of the Vth nerve on each side. 
Mid-Brain (fig. 124).—A dense triangular area is found around the aqueduct of Sylviu 
this extends along the median raphe to the anterior surface. Two areas are found in 
corpora quadrigemina on one side and several small ones in the formatio reticularis 0 
other. Sclerosis also occurs, on both sides, near the point of emergence of the IIIrd ne 
the fibres of which are involved. Several small areas are present in both substantia ni 
one of which extends into the red nucleus on one side and another into the middle th 
of the crus on the same side. 
Optic Tract and Chiasma.—On each side patches are found at the junction of optic tr 
and chiasma. The remainder of both optic tracts is unaffected till near the point of 
passage into the corpora geniculata interna, when both are again sclerosed. The optic ner 
on both sides show an advanced sclerosis: this sclerosis extends on both sides up to 
junction of the nerve with the chiasma, and on one side extends into it. The chiasma 
thus less affected than optic nerves-or optic tracts. 
Cerebral Hemispheres.—(1) Horizontal sections at level of the middle of the basal ganglia 
(figs. 114-115). 
Ventricles—Narrow bands of sclerosis are found irregularly distributed around 
posterior horns. On the left side one of these passes for a considerable distance into 
adjoining white matter and cuts across the optic radiations ; the tips of both anterior ho 
also show similar areas, extending diffusely into the surrounding white matter ; the late 
surfaces of both optic thalami are also extensively affected—the areas extending, for a vary 
distance, into their substance. Numerous small areas are found in the substance of 
genu of the corpus callosum : some of these have their long axis parallel to the dire 
of the fibres. More extensive areas are found in the splenium, and the ventricular m 
of the forceps major is markedly affected. The fibres of the anterior pillars of the fo 
also show early involvement. 
Basal Ganglia.—On the left side a well-marked oval area is present in the anterior part 
of the substance of the thalamus: a small circular patch in the putamen of the lenticular 
nucleus ; and three irregular areas in the white and grey matter of the island of Reil, involving 
to a slight extent the claustrum. On the right side two areas are present in the substai 
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of the thalamus, in addition to the irregular zone of sclerosis extending inwards from the 
_ ventricular surface. 

Convolutions—Left side. Numerous very minute areas are found in the white matter 
of the frontal, parietal, and occipital lobes. An oval area is present at the foot of the fissure 
of Rolando in the medullary ray, and several small areas are confined to the parietal grey 
matter. A long narrow patch is present in the white matter of the occipital lobe: this 
involves the tapetal fibres, the inferior longitudinal fasciculus, and the optic radiations, 
and projects into the grey matter of the calcarine fissure. On the right side also several 
small areas are found in the white substance of each lobe: a very defined area is present 
at the foot of the fissure of Rolando—in a position almost exactly corresponding to the 
area on the left side—and the optic radiation is here again extensively involved. 

(2) Horizontal sections immediately above the roof of the lateral ventricles (fig. 117). On 
the left side seven isolated areas, in various stages of development, are present in the white 
‘matter : these cut across the superior longitudinal fasciculus and the corona radiata. Several 
_of these areas are surrounded by a zone of lighter staining. On the mesial surface the grey 
_ matter, especially on the surface of the convolutions, is very definitely involved. On the 
left side the cups of several of the convolutions on the mesial surface of the frontal lobe 
are picked out by a well-marked sclerosis ; other areas are found in the white matter of 
the frontal lobe, and one very well-defined patch involves both medullary ray and grey matter 
of the convolution af the tip of the lobe. Another well-defined area, involving both grey 
and white matter, is present at the foot of the fissure of Rolando, in its anterior wall, and a 
smaller patch in the white matter of the post-Rolandic convolution, together with two 
early areas in the white matter at the foot of this gyrus. The cups of two of the convolu- 
tions in the parieto-occipital fissure are also affected. 

(3) Sections of the hemispheres 1 cm. above the roof of the ventricles. Here only 
two areas could be detected microscopically : one in a convolution of the internal parieto- 
occipital fissure: this was an elongated oval patch which involved the medullary ray 
and extended into the adjoining grey matter on one side; the other area is found on the 
mesial surface of the marginal convolution. 

(4) Sections at a still higher level (fig. 116) also show few areas. One is found in the 
white matter of the post-Rolandic gyrus, and one in the white matter of the upper frontal 
convolution towards the mesial surface. 

(5) Sections through the hemispheres at their highest level. These show a sudden 
‘increase in the number of the areas. On the left side at least twelve can be identified micro- 
“scopically. A very large oval patch is present at the foot of the Rolandic fissure : this 
extends across the grey matter into the white matter and then into the grey matter of the 
“marginal convolution. Another oval area, involving both grey and white matter, is present 
on the mesial surface of the frontal lobe, and on the outer surface of this lobe three areas 
| are present ; one in the grey matter alone, one involving both grey and white matter, and 

the third in the medullary ray alone. Behind the pre-central fissure two areas are present : 
_ one limited to the grey matter and one to the medullary ray ; and at the foot of the intra- 
parietal fissure a clearly-marked area involves the cup of the convolution. Small areas 
_ cocur in the posterior part of the section. 

(6) Sagittal sections through the temporo-sphenoidal lobe. These show a well- 

marked peri-ventricular sclerosis around the descending horn of the lateral ventricle. This 

extends into the adjoining white matter, intersecting the inferior longitudinal fasciculus 

and spreading into the radiations. The white matter of the hippocampal convolution is 
also extensively affected. 
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CasE V. 


Clinical Notes. 


S. 8.—The patient was a trained nurse, aged forty-four, born at Kirkwall. Her father 
died at sixty-four from ‘“‘ dropsy,”’ and her mother at fifty from decline. She had two brothers, 
sailors, who have been lost sight of, and two sisters alive and well, while a third died at 
twenty-six from psoas abscess, and a fourth at thirty from typhoid. She had always been 
healthy. When she was thirty-four years of age, she suddenly became blind for a week 
in the left eye, with acute pain on movement. Three months later the right eye was similarly 
affected. Shortly after, when nursing in Perthshire, “something came into the muscles 
of the legs nearly making her fall,’ and something of this kind occurred periodically. She 
was able to continue at work nursing for the next four years, when she gave it up and took 
a house and kept boarders. She was last able to walk about one year ago, but she fell down 
a stair and injured her knees, and has never been able to walk since. Sensation in the lower 
limbs is fairly good, except to heat and cold. Both legs are quite helpless, being flexed 
on the thighs, and the thighs on the abdomen, and quite immobile. Babinski’s sign is present 
on both sides. The upper limbs were only affected very late. Pain and weakness de- 
veloped in the right upper arm, but no inco-ordination could be detected. Nystagmus 
was absent. Admitted to Longmore Hospital, 28th March 1906; died 8th March 1910. 


Post-mortem Report, 10th March 1910. 


Great contracture of lower extremities, the hips and knees being flexed at an acute angle. 
Numerous small ulcers over the right buttock from tin. to 4 in. in diameter. A large abscess 
containing about one pint of pus was found in the left buttock. 

Brain.—Great cedema of pia arachnoid: the substance was soft. The under surface 
of the pons and medulla oblongata showed patches of sclerosis. The left optic nerve was 
grey and gelatinous as far as the chiasma, the right optic nerve was only partially degener- 
ated. The chiasma was of a cream colour, and the right optic tract of a mixed colour. 

Cord.—The spinal cord showed no thickening of the dura mater or other membranes. 
Greyish-red gelatinous-looking patches were seen in the cervical and dorsal regions. 

Lungs.—Pleura free from adhesions. Both lungs cedematous. Caseous mass at root 
of left lung about the size of a large walnut and firmly encapsulated. Lower lobe of left 
lung partly collapsed. 

Heart.—Contained pale yellow thrombus in the right side extending into the pulmonary 
artery. Muscular walls somewhat flabby, valves normal. 

Liver.—Large, engorged with fluid blood and considerable fatty infiltration. 

Spleen.—Diffluent ; not much increased in size. 

Kidney.—Right: capsule thickened and slightly adherent, leaving a finely granular 
surface on stripping. Cortex slightly reduced in size. Some calcareous deposits in tubules. 
Left: as in right, with addition of a few small abscesses in cortex and medulla. Several 
small capillary hemorrhages in pelvis. Condition is one of “‘ commencing surgical kidney.” 


General Characters of the Areas. 


Only a few features call for reference here. The most extensive affection was present 
in the cervical, dorsal, and upper lumbar cord, and at several levels, especially in the cervical 
cord, there was a marked symmetry in the position and form of the areas—a symmetry 
which was continued throughout several segments and gave the appearance of an ascending 
and descending secondary degeneration (figs. 148-149), The areas found were, again. in 
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different stages of development, but here, perhaps more than in any other case, these different 
stages gave the impression of having been quite independent in time and not, as was so fre- 
_ quently the case, an extension of an already-existing process or the addition of a new process 
to one not already exhausted. Further, even in the densest areas of sclerosis, longitudinal 
sections showed that even the finest capillaries were patent : such capillaries could be traced 
over long stretches with a single or double row of red blood cells within their lumen. The 
vessel walls were, therefore, not so condensed as was often the case. And still further, it 
_ may be noted that in the lateral columns there were indications of a slowly-increasing glia 
hyperplasia, and in the optic nerves, in keeping with this finding, there was a very marked 
chronic interstitial change affecting both the connective tissue and the glia elements. Cajal 
and Bielschowsky preparations allowed numerous axis cylinders to be recognised, and the 
_ ganglion cells showed changes, mostly of an atrophic nature. The meninges were not 
thickened, but in the lumbar cord there was found a slight cell infiltration. 
The medulla and pons were comparatively slightly affected in comparison with the 
changes found in most of the cases, but the roof and angles of the [Vth ventricle showed 
a slightly greater degree of involvement than the floor and lateral walls. The brain in this 
case was not examined in large sections. 


Topographical Distribution. 


Spinal Cord.—Cervical Region (figs. 148-149).—In sections at the level of the third cer- 
vical segment, the sclerotic areas are very symmetrically placed : one occupies the posterior 
region, and other two, almost triangular in outline, are in the antero-lateral columns, separated 
from the posterior horns by fibres which stain faintly. On both sides these areas reach 
almost to the periphery of the cord. The posterior area is large and oval and extends from 

_ the base of the anterior fissure, across the commissures, almost to the posterior margin of 
the cord. Two projections, which pass laterally from this area, almost map out the pos- 
_ terior horns. In C4 this arrangement of the sclerosis is continued, but both the antero- 
lateral areas have increased in size and reach to the periphery, and the posterior area is 
subdivided into four—one around the central canal, one in each posterior horn, and one 
V-shaped, with the apex of the V in the anterior third of the posterior columns. The tissue 
between these areas stains faintly. At C5 the areas have greatly diminished in size: the 
two antero-lateral ones are now small but still triangular in outline, and reach from the 
_ grey matter of the anterior horn to the surface—on one side involving the greater part of 
_ the postero-lateral group of nerve cells. The other, subdivided, areas are still present, 
_ but smaller in size, the posterior one being an almost equilateral triangle bisected by the 
_ posterior median fissure. At C6 the largest area occurs as a broad band stretching from 
the central canal to the surface along the posterior median fissure. Narrow bands are 
present along the two sides of the anterior fissure, and the glia border zone is considerably 
_ widened along the anterior surface of the cord. Several minute areas are present, distributed 
irregularly in the white matter and posterior horns. At C7 the symmetry of the sclerosis 
_ is again very marked and corresponds closely to that found in C4. From a peri-central 
sclerosis bands radiate posteriorly and laterally, widening considerably as they pass towards 
the surface. These areas thus involve large portions of the anterior and posterior grey 
matter on either side: they are separated from the surface of the cord by bands, varying 
in width, of normally-staining fibres. Zones of diffusely and faintly-staining fibres occur 
around all these areas. 
Dorsal Region (figs. 150-152).—In the first dorsal segment the arrangement is a modifica - 
tion of C7, but the patches are much more defined in shape, involve more of the grey matter, 
_and the symmetry is not quite so striking, for the posterior sclerosis extends on one side to 
involve the whole of the posterior horn, and it is united by a narrow band to the sclerosis 
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in the antero-lateral columns. In the mid-dorsal region the areas are very irregular in 
outline, and nearly all radiate as narrow or broad tongue-like projections from the central 
canal. The base of both anterior horns is thus involved, together with the whole of the 
lateral horns and the greater part of each posterior horn. The anterior half of both pos- 
terior columns is also affected, and from this sclerosis, on one side, a dense band runs across 
the posterior root-entry zone to the surface—extending forwards to involve the fibres of 
Lissauer’s tract. A small isolated area is present also in the antero-lateral column of this 
side. In the lower dorsal cord one large area is present : it occupies the whole of one antero- 
lateral column, except a narrow marginal zone, together with the anterior, lateral, and post- 
erior grey matter and part of the posterior columns on the same side. A small isolated 
area is present in the opposite antero-lateral column. 

Lumbo-sacral Region (figs. 153-155).—In the second lumbo-sacral segment a large irre- _ 
gular area, with diffuse changes at its borders, extends from the central canal to the surface 
of the cord on one side. Its position is roughly that of the area in the segment just described, 
but it does not pass so far anteriorly and posteriorly. In L3 this area is still present with a — 
wider extension and faintly-staining outlines. At L5 all the areas have disappeared, and 


the cord is normal till the second sacral segment is reached, when a peri-central sclerosis _ 


gradually enlarges to involve each crescent and extends forwards along each border of the 
anterior fissure. Areas of sclerosis, limited to the grey matter, also occur in the antero- 
lateral group of nerve cells on the one side, and in the postero-lateral group on the other. 
These areas in the grey matter extend for only a short distance in longitudinal extent, and — 
at the fourth sacral segment the only recognisable change is a slight increase in the peri- 

central sclerosis. aml 

Medulla Oblongata.—At the level of the decussation of the fillet the appearance of the 
sections is practically normal, but slightly higher an area of sclerosis, in the middle line 
anteriorly, gradually increases and forms an elongated oval lying between the two inferior 
olives (fig. 143). This area involves the mesial and ventral portion of the mesial fillet, and a 
small part of the pyramidal fibres on both sides. At a higher level this area becomes lozenge- 
shaped, and the lateral angles pass into the hilum of each inferior olive (fig. 144). As this 
area is traced upwards it gradually lessens in size, and at the upper level of the medulla other — 
small areas appear, all on the same side: one in the restiform body, one behind, and one in 
front of the inferior olive: the last of these sends a small process which extends forwards 
to involve the arcuate nucleus. 

Pons Variolii.—Lower Third.—The roof of the IVth ventricle is extensively involved, 
the vermis and nodules being completely demyelinated. An irregular area also extends 
from the one lateral angle of the ventricle and involves Deiters’ and Bechterew’s nuclei. 
In the centre of the fibres of the middle cerebellar peduncle on the opposite side, a narrow 
area is present, and in the same side a large irregularly outlined area extends inwards from 
the antero-lateral surface of the pons—involv.ng both pyramidal and middle cerebellar — 
peduncle fibres. On both sides small areas occur, in the white matter of the cerebellum, 
involving the peduncle of the flocculus. , 

Middle of the Pons (fig. 145).—Slight irregularly outlined bands of sclerosis pass round — 
the floor, lateral walls, and roof of the [Vth ventricle. Three denser round areas are present 
between one angle of the ventricle and the lateral surface of the pons: one near the angle, 
one involving the root-entry zone of the Vth nerve, and one midway between these two — 
points, involving both trapezoid and pontine fibres. Smaller areas are found in the white — 
matter of the cerebellum, especially in relation to the hilum of the dentate nuclei and its 
outer lamellae. Slightly above this level the peri-ventricular sclerosis becomes more marked, — 
especially at one angle: the area on the pons surface, at the entry zone of the Vth nerve, — 
is increased in size, and several areas occur in the white matter of the cerebellum. % 

Upper Pons.—At the lower part of this level the peri-ventricular sclerosis lessens and — 
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only area present is an oval one found in front of one superior cerebellar peduncle : 
extends forwards to involve trapezoid and middle peduncle fibres. At the upper limit 
he pons (fig. 146) this area is still present, but is displaced lateralwards, while another, 
he ventral aspect of the pons, extends amongst the superficial transverse fibres for a 
+ distance. As these areas are traced upwards, the latter increases in size for a time, 
mes divided into two by a narrow band of dark fibres, and finally both divisions dis- 
ear: the former becomes smaller and soon disappears, while a further patch develops 
e posterior part of the superior cerebellar peduncle. 

At the level of the corpora quadrigemina (fig. 147) a peri-aqueductal sclerosis is present, 
ther with three other oval areas with indistinct outlines. These lie, one in the middle 
e in front of the decussation of the superior cerebellar peduncles, a second in front of one 
ral fillet, and a third on the same side, on the lateral surface of the pons. 


Case VI. 


Clinical Notes. 


©. G.—Patient was a baker’s shopwoman, aged twenty-four, and was admitted to 
igmore Hospital on 12th October 1910. She died on 28th March 1911. 

No notes of this case could be found previous to her admission to hospital, and even 
se were very scanty. She looked pale*but healthy, although both legs were powerless. 
24th March she suddenly had a convulsion, becoming rigid, cyanosed, and biting her 
ue. The arms and legs twitched and nystagmus developed. She remained in an 
onscious condition until death occurred four days later. 


eu 
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Post-mortem Report, 29th March 1911. 


\ ane 


A large number of small superficial ulcerations of the skin was found on the buttocks 

on the lower part of the back. No emaciation nor contractures, and the body was well 

urished. 

Spinal Cord.—Some adhesions in pia arachnoid. Lower part congested, but not atro- 

jhied. On section typical patches of disseminated sclerosis could be seen in various places. 

Brain.—Dura mater normal. Surface oedematous. Cortex somewhat congested and 

t-mortem development of gas below pia. Marked injection of all small vessels over 
pons and medulla. The pons looked very small. 

__ Lungs.—Left: lower lobe was deeply congested and there were a number of hemor- 

ges both on the surface and in its substance. Upper lobe normal. Right: considerable 

a of consolidation near the root involving both upper and lower lobes in a condition of 

y hepatisation. 

_ Kidneys.—Both kidneys are small, show cloudy swelling ; the capsules strip freely. 

_ The spleen is somewhat large, of pale colour, and firm. 

_ The liver shows marked cloudy swelling, with some wedge-shaped areas paler than the 

rest—so-called infarcts. 

: The heart is small: muscle good colour. Ante-mortem clot on both sides. Valves 

healthy. 

: General Characters of the Areas. 


The outstanding feature in this case was the absence of any marked degree of sclerosis 
in any of the areas, either spinal or cerebral. The patches, almost without exception, were 
in a stage of fat granule cell formation (figs. 178-184), and the more advanced showed a 
moderate amount of glia fibril formation. 

In the cord the extensive and diffuse character of the demyelination is brought out in 


x 
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figs. 166-173. In the cervical and dorsal segments there is no clearly-defined outline to 
any of the areas in Weigert staining, and Marchi sections of the adjoining blocks, or Schar- 
lach R. frozen sections, gave a picture of fat granule cell formation corresponding closely 
to the extent of the demyelination. Bielschowsky preparations showed that a very large 
number of the axis cylinders had disappeared and were in a granular condition. In the — 
lower cervical and dorsal cord many normal axis cylinders were retained in the ventral 
portions of the posterior columns, and in the more isolated and smaller areas found at these 
levels. The ganglion cells were in all stages of chromatolysis, both in the less and more 
affected levels : they were not deficient in number, and showed no marked atrophy or pig- 
mentation. The glia marginal zone was very widened: the nerve roots throughout the 
cord and of the cauda equina showed a certain rarefaction ; and the membranes a slight 
degree of cell infiltration. 

Similar changes were found in the areas in the medulla oblongata, pons, and brain, and 
in the cerebellum. Areas in relation to the hilum of the dentate nucleus (fig. 177) showed 
beautifully in Marchi sections, the early involvement of the longitndine, fibres passing to 
the lamelle. — 

In the brain no horizontal sections of the hemisphere were cut except at the lower level 
of the basal ganglia, in close relation to the sub-thalamic region. These sections and those — 
through the mid-brain showed the involvement of the red nucleus on either side (figs. 161-_ 
162). Over one hundred blocks of tissue, containing isolated or confluent areas, were taken 
through, in celloidin and paraffin, from the hemispheres above this level, and these all showed 
that the areas were in the stage of so-called “fat granule cell myelitis.” A few showed a — 
central clearing up of these cells (fig. 182), and an advancing glia fibril formation (figs. 365-_ 
366). The peri-ventricular affection, which was very marked, was also at an early stage 
(fig. 181). Areas were found in every portion of the hemispheres, and especially numerous 
in relation to the central convolutions. In most of these areas the extension was from — 
subcortical white matter to the deper layers of the cortex : the Betz cells were extensively 
involved (fig. 387); and the vessels in these layers surrounded with fat granule cells. The — 
optic tracts were normal as far as they could be followed, but an early affection of the chiasma 
and both optic nerves was present (figs. 163-165). The soft membranes of the brain showed 
a moderate degree of cell infiltration. 


Topographical Distribution. 


Spinal Cord.—Cervical Enlargement (figs. 167-169).—At the upper part the whole of 
the posterior columns and the greater part of the left antero-lateral columns are involved 
in an early area of sclerosis. A few well-marked patches also appear at the two entering 
posterior root-entry zones and at the extreme lateral border of the cord. As we descend 
the cord the group of normal fibres in the antero-lateral columns is greatly increased—the 
principal fibres affected being in the position of, though not strictly limited to, the crossed 
pyramidal tract. An earlier area is found in the opposite antero-lateral columns—the 
peripheral cerebellar tracts escaping. At C5 the whole of the right antero-lateral and pos- 
terior columns are affected—only a few fibres at the base of the anterior median fissure 
and at the periphery of the posterior roots escaping. Signs of early involvement are also 
found at the base of the opposite direct and crossed pyramidal tracts. 

In the segment lower one large area is present : this is mostly unilateral and involves 
posterior and antero-lateral columns. A zone around the periphery, especially wide 
anteriorly, escapes, while the outer two-thirds of the opposite posterior columns show only 
slight involvement. The opposite crossed pyramidal and direct cerebellar tracts show early 
involvement as before. 

At the lower part of the cervical enlargement the greater portion of the cord is involved. 
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The posterior columns are occupied by an advanced patch: the anterior and antero-lateral 
by early sclerosis, but towards the lateral margins of the cord on both sides areas of more 
dense sclerosis are present in the centre of early diffuse areas. The only fibres unaffected 
are those at the tip of the posterior horns and at the lateral and anterior periphery of the cord. 

Dorsal Region (figs. 170-173).—In the upper dorsal segments, the posterior columns 
are densely sclerosed. There is evidence of early involvement of the. crossed pyramidal 
tract on both sides. The grey matter is almost unaffected ; and a few normal fibres are 
_ found at the periphery of the posterior columns. At the level of the third and fourth segments 
_ the areas have increased in size, and the normal fibres form a narrow zone round the antero- 
lateral margin. About the middle dorsal region the single area found above is again broken 
_up, and three areas are present. One occupies the middle two-thirds of the posterior columns, 
‘and the other two are in the centre of the lateral columns. These patches are continued, 
without any very great change, throughout the whole middle dorsal region, the two lateral 
areas then diminish in size, while the posterior one increases, and in the lower dorsal segments 
- occupies the greater portion of the posterior columns. 

Lumbro-sacral Region (figs.174-176).—The upper lumbar segments show little involvement, 
but in the fourth segment five separate areas occur: one at the tip of the posterior horns 
_ on each side, one has picked out the postero-lateral group of cells in the anterior horn of the 
left side, another occupies a similar area on the opposite side, but has extended to involve 
: _ the white matter lying between it and the surface of the cord, and the remaining area forms 
a circular ring around the central canal. The marginal glia zone varies considerably in 
thickness, and at the lateral margins shows extensive development. In the fifth lumbar 
segment diffuse early sclerosis is found towards the middle line in the posterior and antero- 
lateral columns. In the sacral cord the sections are normal, with the exception of a possible 
narrow ring of sclerosis around the central canal and an increase in width of the lateral 
Marginal glia. 

— _Medulla.—Just above the decussation of the pyramids (fig. 158), one large area is present 
on the antero-lateral portion of one-half of the medulla, extending inwards to involve the 
lateral nucleus, the emerging spinal accessory nerve, and the corresponding decussating 
_ pyramidal fibres. A smaller but earlier area is present in the same position on the opposite 
side, and a third, quadrilateral, area surrounds the central canal and extends on each side 
_into the nucleus gracilis. At the lower level of the inferior olive (fig. 159). these three areas 
are still found—one of which involves the inferior olive and is continuous with the peri- 
central area. In the region of the middle medulla (fig. 160) the internal two-thirds of the 
- lett inferior olive is occupied by an area of sclerosis, which blocks up the hilum and extends 
‘across the middle line to involve the mesial third of the opposite fillet, and a portion of 
the posterior pyramidal fibres. A further area is found in the position of the substantia 
_ gelatinosa Rolandi: it involves all the descending root of the Vth nerve, but is separated 
from the periphery by normal fibres. There is also an area around the central canal and 
a small one in the formatio reticularis, through which the fibres of the mesial fillet pass 
previous to their decussation. 

Lower Pons (fig. 156).—The patches here are found in two positions : firstly, around the 
_ floor and angles of the ventricle ; and secondly, at the lateral sides of the pons, close to the 
VIIIth root. The former areas are extremely irregular: they do not involve the dentate 
nucleus but send anteriorly a number of projections which involve the whole of one resti- 
_ form body, the posterior portion of the other, and all the nuclei along the floor of the ventricle. 
_A well-marked oval area is present in the right mesial fillet, and early diffuse patches in both 
_ pyramids. On the left side a dense area extends from the corresponding pyramid to the 
root of the VIIIth nerve, and on the opposite side of the VIIIth nerve a large patch is present 
_ extending from the angle of the ventricle to the surface of the middle peduncle, but inter- 
_ sected by two strands of normal fibres. Other areas are present in the middle of the formatio 
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reticularis, at the posterior part of the olivary nucleus, and around the entrance of the right 
VIIIth nerve. 

At a slightly higher level the areas are still more numerous and more extensive. Those 
along the floor of the [Vth ventricle now extend to the anterior end of the dentate nucleus. 
Deiters’ and Bechterew’s nuclei and the posterior longitudinal fasciculus on both sides 
are allinvolved. Both mesial fillets show large oval patches, and the whole of one pyramid 
with the adjacent grey matter and transverse fibres of the pons are sclerosed. A dense 
area, including three-quarters of the opposite pyramid, extends to the entry zone of the 
VIIIth nerve, and from both angles of the ventricle a broad area extends to the surface 
of the pons, practically isolating it from the cerebellum. 

Pons at Level of the Vth Nerve Root (fig. 157).—Here the areas are again best developed 
at the angles of the ventricles. From this they spread along the floor of the ventricle to 
meet in the middle line and from the right angle upwards to the roof of the ventricle, and 
both inferior peduncles are involved as they pass to the dentate nuclei. A large early patch 
is ‘present in the left pyramid and adjoining grey matter and transverse fibres, and on 
the opposite side the outer half of the pyramid is affected. The intra-medullary portion 
of the left Vth nerve, immediately in its entrance, is markedly affected, and a smaller area 
involves the opposite nerve fibres. A number of smaller areas are found in the formatio 
reticularis and just anterior to it. 

Upper Pons.—Extensive sclerosis is present around the aqueduct. This reaches into 
the superior cerebellar peduncle on both sides, and on the left passes through the peduncle 
tothe surface. These areas also extend anteriorly through the formatio reticularis to involve, 
on one side, the whole of the mesial fillet and adjoining pontine fibres. Amongst the latter 
a number of smaller patches are irregularly distributed. On the opposite side a single 
large area occupies the outer two-thirds of the pyramid and adjoining grey matter, reaching 
to the surface of the pons. The VIth and VIIth nuclei on both sides are affected, as well 
as both motor roots of the Vth nerve. 

Mid-Brain (fig. 161).—A triangular area is found around the aqueduct: this extends 
to involve the third nucleus on both sides. Both red nuclei show irregular areas on their 
dorsal aspect : that on the right extends through the substantia nigra into the crus, where 
a circular patch extends about half-way to the surface in its middle third. Another large 
irregular area is found on the opposite side at the point of emergence of the IIIrd nerve: 
this area passes upwards into the ventricle part of the corresponding red nucleus. Ata 
slightly higher level the red nucleus is not so extensively involved, but the patches in the 
crus become more extensive. 

Cerebral Hemispheres.—At Level of Lower Border of Optic Thalamus.—The area around the 
aqueduct is considerably more extensive and spreads into the greater part of one anterior 
corpora quadrigemina, a portion of the other, and extends downwards in the middle line 
in a triangular process between the two red nuclei. A second large irregular area is found 
in the middle line at the point of emergence of the IIIrd nerve : this area stretches upwards 
into the ventricular portion of both red nuclei (fig. 162). 

On both sides a thin irregular patch occupies the greater portion of the claustrum and 
extends into the grey matter of the convolutions of the island of Reil. Two small patches 
are present in the parietal operculum of one side, and similar but more extensive areas on 
the opposite side. The posterior horns of the lateral ventricle show a number of irregular 
patches, which extend outwards into the adjoining white matter. On the right side this 
area extends to involve the tapetum, inferior longitudinal fasciculus, and optic radiation 
—all of which are also involved in a well-marked round area at the base of the calcarine 
fissure. Within the calcarine fissure on this side two small areas are found extending from 
the surface of the grey matter directly into the medullary ray. 

Optic Nerves and Chiasma (figs. 163—165).—Sections cut horizontally through the chiasma 
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and adjoining portions of the optic nerves and tracts show extensive early involvement 
of both optic nerves on the lower surface. This sclerosis stops short of the chiasma, but 
as we pass deeper into the chiasma the sclerosis passes as a narrow band along the anterior 
margin and at the deepest portion of the chiasma cuts it across from side to side. 


Caset VII. 


Clinical History. 


J. M‘N.—The patient was a cabinetmaker, aged forty-two, born in Edinburgh. He 
was admitted into Longmore Hospital on 11th October 1905, and died on 30th May 1909. 
On admission he showed complete paralysis of both legs and of both arms. 

His father died at the age of sixty-three from phthisis ; his mother was still alive and 
well. He had two brothers and one sister who died in childhood, and five brothers and two 
sisters living, all of whom are in good health, with the exception of one sister, who has 
suffered from ‘“‘nervous troubles ” for ten to twelve years. 

The disease was first noticed seventeen years previously, when he says he felt cold in 
his back after being at an entertainment. This was followed by some shakiness in the limbs 
on the left side, but this soon passed off, and he was able to continue at work for four years 
afterwards. About five years ago he finally lost the power of walking ; before this he had 


gradually required increasing help, first from sticks, then from crutches. 


His hearing had been very defective, especially in his right ear, since he had scarlet 
fever when six or seven years of age. His eyesight was defective, especially the left eye. 
There was nystagmus on looking upward or to the left ; the movement to the right was 
defective. The speech was slurring. There was slight increase of myotatic irritability, 
and much unsteadiness in attempting to grasp anything. The grasp of the right hand 
was weak, that of the left hand extremely feeble. The lower limbs were completely 
paralysed, although sensation appeared to be normal. Both knee-jerks were exagger- 
ated: there was well-marked ankle clonus on each side, and a double Babinski reflex. 
The control of the sphincters was retained. The thoracic and abdominal organs appeared 
normal. 

Progress.—The patient remained in very much the same condition during the whole 
of his stay in hospital. He had at intervals severe attacks of hiccough lasting from six 
to nine days. For some weeks before his death he did not appear to be so well, but nothing 
definite could be made out. He died somewhat unexpectedly. 


Post-mortem Report, 31st May 1909. 


Both arms were atrophied, the fingers were flexed at all the three joints. The ankles 
were extended and the knees and hips were straight. Slight cedema of both feet ; and 
the abdomen was slightly green. 

Brain.—The vessels at the base were quite normal. Slight thickening of the fine mem- 
branes near the left IIIrd nerve. Slight milky opacity in membranes at posterior inferior 
part of the cerebellum. Slight atrophy of convolutions at vertex without material thick- 
ening of membranes. On section a large patch of sclerosis was found in the optic radiations 
of the right hemisphere. Other patches with a clearly-defined outline and a greyish-red 
gelatinous appearance were seen in front of the caudate nucleus. The grey matter round 
the aqueduct of Sylvius presented a similar gelatinous appearance. On one side there was 
a patch of the size of a threepenny piece near the red nucleus. The grey matter under the 
floor of the [Vth ventricle in the medulla oblongata presented similar patches of sclerosis, 
with the same sharp margin. 
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Cord.—The spinal cord showed clearly-defined islands of sclerosis throughout its whole 
length. These were mostly separate from each other. 

Lungs.—Both lungs were adherent to the chest wall, especially in the upper lobes. They 
were studded with broncho-pneumonic tubercles. The lower lobes of the right lung were in 
a state of grey hepatisation and very friable. The lower lobe of the other lung was ~ 
congested, but not consolidated. ; 

Heart.—There was some thickening and fusion of several chorde tendinez, but no 
narrowing of the orifice of the mitral valve. The cardiac muscle was fairly normal. 


General Characters. 


The areas in the spinal cord and those in the brain were here in marked contrast to one 
another. The former throughout the whole extent of the cord showed a more advanced — 
and uniform degree of sclerosis than in any of the other cases—no “early” areas were 
found. In the brain, on the other hand, the areas showed all stages of a commencing and — 
advancing sclerosis. 

In the cord the sclerosis conformed closely to the typical anatomical picture given by 
Cuarcot: the areas (1) were, as a rule, insular; (2) had clearly-defined outline ; (3) pre- 
sented an advanced and in many cases complete degree of sclerosis ; (4) showed a marked 
persistence of the axis cylinders; (5) atrophic changes in the ganglion cells; (6) chronic — 
changes in the blood-vessels; and (7) the glia marginal zone throughout the whole cord — 
was very widened. Marchi sections, both transverse and longitudinal, however, showed — 
that at numerous levels a few fat granule cells were still present in the walls of the blood- — 
vessels, and such areas had a peripheral zone of sclerosis, less dense than the central zone. 
In the still myelinated tissue there was no evidence of an increasing glia hyperplasia, and _ 
the impression was left that all the areas had arisen on the basis of a fat granule cell stage. — 
Several patches were cut in serial section, and they were. found to retain, throughout, their 
clearly-defined outline. The nerve roots were normal, and showed no rarefaction: the 
posterior root ganglia, examined at numerous levels, were entirely normal, and the mem- — 
branes were not materially altered. “% 

In the brain “early”? areas were found in several medullary rays, and patches were ~ 
present in the central white matter above the ventricles. The peri-ventricular sclerosis — 
around all the horns of the lateral ventricles was very marked, especially around the descend- 
ing horn on both sides. The tissue of the medulla oblongata, pons, and cerebral hemispheres, — 
with the exception of a few levels, was removed for mounting (figs. 200-201). The ven- — 
tricles were not dilated, and their walls showed zones of greyish-blue staining, which outlined 
the sub-ependymal veins (fig. 201). 


Topographical Distribution of Areas. 


Spinal Cord.—Cervical Cord (figs. 185-188).—In its upper segments the clerosis is limited — 
to a narrow band along the outer half of the posterior median fissure and to a broad band ~ 
which passes obliquely across the cord in the region of the central canal. Diffuse changes F 
are also present in each crossed pyramidal tract. In C3 only one area is present: this is 
very irregular in outline and occupies one antero-lateral column with the whole of the cor- 
responding anterior and posterior horns of grey matter. It then passes into the opposite 
anterior horn and also sends a broad band along the posterior median fissure. At C6 the 
sclerosis affects chiefly the posterior columns : this is a triangular area with its blunted apex 
at the posterior commissure and its base at the periphery of the cord: the lateral outlines 
are clearly defined and leave a considerable portion of the columns of Burdach, adjoining 
the posterior horns, unaffected. Several small dense areas are also present in the latera 
column on one side, The glia border zone around the whole circumference of the cord is 
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_markedly widened. In C7 the posterior column area has almost disappeared, except for a 
narrow oval zone along the median fissure. An irregular area is present in the anterior 
half of the cord; this forms a square arranged along each side of the anterior fissure, with 
the posterior commissure as its limit. Irregularly-shaped dense areas also occur near the 
_ tip of each posterior horn: an oval area, larger on one side, in each antero-lateral column ; 
and a small area picks out the centre of the postero-lateral group of nerve cells in the anterior 
horn. The same widening of the glia border zone is again present.- At the lower level of 
this segment the areas tend to fuse: the antero-lateral column on one side is occupied by 
_a large triangular patch which leaves the fibres of the direct cerebellar tract untouched 
and is continuous, across the grey matter, with the anterior quadrilateral patch. A small 
isolated area is also present in the tip of the anterior group of nerve cells on this side, and 
_ two other areas, irregularly triangular, with base to the pia, are present in the lateral 
column of the opposite side.. The area in the posterior columns is much larger and forms 
an elongated oval reaching almost from posterior commissure to surface. At C8 one-half 
_ of the cord is normal, with the exception of a narrow band which picks out the tip of the 
posterior horn. A portion of the column of Goll also is affected as part of the extension 
_ across the median fissure of a square area which occupies almost the whole of the opposite 
posterior columns. The whole antero-lateral portion of the cord on this side is affected— 
both grey and white matter, but in this sclerotic tissue bands of myelinated fibres stand 
out clearly—these roughly correspond to the emerging anterior root fibres with the inter- 
mediate tissue and to a zone of fibres occupying the extreme lateral periphery of the cord. 
Dorsal Region (figs. 189-193).—In the first segment an area is present in the posterior 
columns : this. occupies its mesial and one lateral portion, and its mesial border, parallel to 
the median fissure, is clearly defined from the posterior commissure to the periphery. 
‘Small surface ae of sclerosis are also found at the posterior root-entry zones on each side, 
and the rest of the fibres over almost the whole transverse section stain more diffusely and 
lightly than in the normal cord. In the mid-dorsal region the section is normal, except 
for a small area which extends inwards from the antero-lateral surface of the cord on one 
side and small areas at the tips of the posterior horns. In the lower dorsal region a trian- 


bab ds of fibres adjoining the posterior horns. The blunted apex of this triangle reaches 
s far forwards as the base of the anterior fissure. As this area is traced downwards it 
radually diminishes in size, and in the upper part of D12 is present as a broad band, on 
the: Beerior periphery, igiglh sends a narrow process forwards along each side of the median 
caf : the whole of the rest of the posterior columns shows an early change. At the lower 
part of this segment the picture is again altered ; a dense area of sclerosis follows the line 
of one para-median vessel, and an early change involves the rest of the posterior columns 
and part of the lateral and anterior columns. 

___ Lumbar Region (figs. 194—199).—At the upper level of this segment a peri-central sclerosis 
extends into each crescent, and the posterior median fissure is the central point of a narrow 
- oval area. At the lower part of the second segment several minute areas occur: the peri- 
central sclerosis extends further into one crescent: in the opposite grey matter the antero- 
lateral group of nerve cells is involved: on the same side a narrow zone of sclerosis extends 
‘round the surface of the cord with the tip of the posterior horn as its centre, and a minute 
area is present immediately on one side of the posterior median fissure. In L3 an irregular 
_ area, with oblique borders, extends across the dorsal portion of the postero-median fissure 
—as this is traced downwards it diminishes rapidly and forms a small oval area immediately 
in the middle line. Minute areas are also present in each antero-lateral corner of grey 
_ matter, and the peri-central sclerosis extends into each crescent. In L4 a dense broad band 
_ passes along each side of the anterior fissure, and at its base these unite and expand into a 
large peri-central area, which extends into one anterior horn. At L5 the whole of this 
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anterior horn, with the exception of the antero-mesial corner, is involved in an area of sclerosis 
which surrounds the central canal and ceases at the base of the opposite crescent. 

Medulla Oblongata.—At the lower level of the inferior olive two areas are present: one 
in the left olivary nucleus itself, the other chiefly in one postero-lateral region. This latter 
extends from the gracile nucleus on one side towards the central canal, passes into the 
opposite formatio reticularis, substantia gelatinosa Rolandi, Vth nerve, and the adjoining 
sensory fibres in the caudate nucleus. At the level of the middle of the inferior olive one 
large area occurs in the centre and inner portion of one restiform body, and spreads into 
the adjacent formatio reticularis. A large diffuse area is also present in the ventral half of 
the inferior olive and adjacent pyramid and fillet. 


Case VIII. 


Clinical History. 


M. R.—The patient was a woman, aged thirty-three, born at Whithorn, a typist. She 
was admitted to Longmore Hospital on 2nd October 1903, and died 3rd September 1910. 

Her father was alive and well: her mother died from heart disease at the age of sixty- 
six. She has three brothers all alive and well, and three sisters all in good health. Two 
sisters died in infancy. 

Patient was always very strong and healthy asa girl. At the age of eighteen, she became 
weak and was very helpless for about a year. She does not know the nature of this attack, 
but it was called ‘a kind of rheumatism.’’ She completely recovered, and learned short- 
hand and typewriting. She worked at this for about one year, when her health gave way 
owing to bleeding hemorrhoids, and she again became very weak. She then went home 
and kept house and remained in fairly good health, except that she was “ always tired,” 
and the bleeding still continued. About six years ago she had an attack of influenza which 
she attempted to walk off; her legs again became very weak, and after about a fortnight 
she was unable to stand and had to remain in bed. She slowly recovered from this condition, 
until she was able to go about the house holding on to tables, etc., and even managed to go 
up and down stairs, except in very damp weather, which always made her worse. About 
three years ago she had a severe and widespread attack of eczema, from which she took 
nearly a year to recover. The*condition has been liable to recur, especially in spring and 
autumn. It was about this time that her legs became drawn up. She was also liable to 
repeated attacks of influenza, which always depressed her. 

On examination both legs were found to be drawn up beyond a right angle at the knee, 
but some slight passive movement was present. There was complete absence of all volun- 
tary movement of the lower extremities. There was some dulling of sensibility in both 
hands and in both legs. All the muscles of the upper limbs were weak, especially on the 
right side. The knee-jerks could not be elicited, but there was marked ankle clonus and 
well-marked crossed adductor jerks on both sides. Babinski’s sign was positive on both 
sides. The other systems appeared normal. 


Post-mortem Report, 4th September 1910. 


Body emaciated. Marked contracture of lower limbs. 

Spinal Cord.—Showed usual appearances of sclerosis in many parts. 

Abdomen.—Descending colon very friable—adherent to wall in left iliac region—with 
local signs of recent peritonitis. The whole colon, from hepatic flexure to rectum, is 
ulcerated, in some places down to the peritoneum. The liver and kidney show slight fatty 
changes, the suprarenals are large, and the pancreas shows no gross lesion. 


THE HISTOLOGY OF DISSEMINATED SCLEROSIS. 715 


General Characters of the Areas (Plate LIX). 


The marked involvement of the spinal cord and the comparative integrity of the remain- 
ing portion of the central nervous system are the striking features of this case. Macro- 
scopically it was evident that the cervical and dorsal cord were almost completely sclerosed, 
but no areas could be so recognised after a careful examination, even of mordanted blocks, 
of the medulla, pons, mid-brain, and hemispheres. Several levels of all of these portions were, 
however, cut in celloidin sections, and microscopic examination proved the presence of a 
few isolated areas throughout the brain stem and hemispheres. These were related to the 
pons, chiefly to the root-entry zones of the VIIIth nerve and to the superior cerebellar 
peduncles: in the hemispheres there was a very slight peri-ventricular sclerosis around 
the posterior horns, a very few subcortical and cortical areas, and an extensive demyelina- 
tion of the superficial layers of the cortex over several convolutions. 

The segments of the cervical enlargement showed an almost complete and advanced 
degree of sclerosis throughout their whole extent (figs. 209-211). A similar advanced 
sclerosis was present in the dorsal cord (figs. 212-214), and this was almost as extensive, 
especially in the upper and lower dorsal regions. The densest sclerosis was again present 
in the central portions of the posterior and lateral columns. Marchi sections of numerous 
levels showed that very few fat granule cells were present, and that these were almost 
restricted to the walls of the peripheral vessels; there were no “ early”’ areas present at 
any level. Bielschowsky- and Cajal-stained sections proved that numerous axis cylinders 
were absent and that many of those persisting stained faintly. The ganglion cells were 
very atrophic, but amongst them were found rounded forms with chromophile granules 
almost normal in structure and arrangement. The nerve roots were normal at most levels 
(figs. 209-211), but a few showed slight rarefaction. The membranes were practically 
normal. 

Topographical Distribution. 


Spinal Cord.—Cervical Region (figs. 202-203 and 209-211).—In the first (fig. 203) and 
second segments there are traces of early involvement on each side of the anterior fissure, 
in the region of the crossed pyramidal tracts, and in the columns of Goll. At the third 
segment (fig. 202) three well-defined areas are present—each with a zone of lighter staining 
around it. These lie, one in the posterior, and the others in the antero-lateral columns. 
A small dense peri-central area is also present, and there is a marked widening of the glia 
border zone, especially over the anterior surface of the cord. At the sixth segment the 
whole transection shows a dense sclerosis, with the exception of a few symmetrically-placed 
fibres near the posterior root-entry zone and a group of lateral peripheral fibres on one side. 
At the seventh segment the sclerosis is almost as complete, but the preserved groups of fibres 
are larger and reach, on one side, diagonally into the substance of the cord from the anterior 
and posterior root zones. On the opposite side the areas are smaller but similar in position. 

Dorsal Region (figs. 212—-214).—At the first dorsal segment the sclerosis is still very 
complete: on one side anteriorly a broad band of peripherally-placed fibres and poste- 
riorly a peripheral zone, lying between the tips of the posterior horns, escape. Between 
these four deeply-sclerosed segments of the cervical enlargement (C6—D1), the sections all 
show an almost complete demyelination with the exception of peripheral groups, varying 
slightly in size and position, but often placed symmetrically. The whole of the upper dorsal 
cord shows a marked degree of sclerosis, but in the mid-dorsal region the form of the areas 
becomes more irregular. A peri-central sclerosis forms the centre, from which radiate 
in all directions more or less marked areas : the largest of these cuts across the grey matter, 
and occupies almost the whole of one antero-lateral column, allowing peripheral anterior 
and direct cerebellar tract fibres to escape. A second area extends along the posterior 
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median fissure as a broad band, which is surrounded by a zone of lighter staining: and — 
further areas involve the other anterior horn, part of the antero-lateral column, and the ~ 
posterior horn on the same side. At a slightly lower level we find a complete transection 
posterior to a line drawn horizontally across the cord at the level of the base of the anterior 
fissure. At a lower level the sclerosis’affects the whole of one-half of the cord, except the 
anterior third, part of the opposite posterior column, and then stretches as a broad band — 
diagonally across the grey matter of the opposite side to involve the part of the corresponding 
antero-lateral column. At the next segment the whole of the former severely-affected 
half of the cord is involved—except a few peripheral anterior and lateral fibres—and the 
sclerosis advances on the opposite side uniformly as far as a line drawn antero-posteriorly 
at the outer margin of the anterior horn. At D8 one-half of the cord is again deeply sclerosed, 
and the opposite side shows evidence of early involvement: At D9 the sclerosis is now much — 
less marked : one small peri-central area and an early degree of sclerosis in one antero- — 
lateral column being alone present. At D10 the same picture is presented, but the antero-— 
lateral area is more evident. At D11 there is again considerable involvement : one-half 
of the cord is more or less sclerosed, except a peripheral zone, and at D12 two dense areas” 
occur: one in the posterior columns, the other an irregularly-outlined patch which involves — 
a great part of the grey matter on one side and the base of the anterior horn on the opposite. _ 
Lumbar Region (figs. 215-216).—The first lumbar segment is practically normal. L2, 
at its upper part, is also normal, but at the lower levels small areas lie peri-centrally and in — 
the substantia gelatinosa Rolandi on both sides. In L3 these areas are all more definite 
and larger, and the posterior and lateral columns on one side show early involvement: at 
the lower levels of this segment minute areas appear also at the lateral margin of one anterior 
horn and along the posterior median fissure. In L4 the early involvement seen in the pre- 
vious segment has become a large definitely demyelinated area, which occupies the whole 
of one-half of the section—with the exception of posterior and antero-lateral broad peri- 
pheral zones—and stretches across the middle line to involve the inner portions of the anterior 
and posterior horns and a corresponding portion of anterior and posterior column fibres. 
Sacral Region (fig. 217).—As this area is traced downwards through L5, it becomes very 
irregular in outline, and in S1 it forms a broad band on each side of the mesial line : from 
one side of this band projections pass laterally through the posterior horn and crossed pyra- 
midal tract to the surface and also anteriorly along the outer aspect of the anterior horn. 
Two early areas also occur on the opposite half of the cord. In S82 these areas have dis- 
appeared, and there is little abnormal except a possible lightening of the fibres in the antero- 
lateral region and a demyelination of the substantia gelatinosa Rolandi. $3 and S84 are 
normal, with a possibly increased peri-central sclerosis. - 
Medulla Oblongata.—In its lower part (fig. 204), about the level of the decussation of 
the fillet, an early area is present on both sides: this shows a diffuse and light staining, 
and stretches between the inferior olive and the substantia gelatinosa Rolandi. In the middle 
of the medulla (fig. 205) similar areas are found in the left restiform body—one towards 
its centre and one at its posterior surface. 
Pons Varolii (figs. 206-208).—The areas lie mostly in the cerebellar portion. Only a 
slight involvement is found around the ventricle, but slightly internal to the angles small 
areas occur which involve the fibres of the VIIIth nerve on both sides. Sclerotic tissue 
is also closely related to the zone of entry of this nerve : on one side this area is situated 
immediately on its cerebellar side and is surrounded by a zone of lighter staining which — 
involves the root-entry zone. On the opposite side a similar small early area also involves the 
fibres of the VIIIth nerve as they pass into the pons. In the upper part of the pons (fig. 207) 
the section is apparently normal, except for small areas which lie in the pontine grey matter T 
and middle cerebellar peduncle. On the right side a small, dense, somewhat rectang ult la 
area is present, slightly internal to the surface: this is situated just at the point whet ere 
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the transverse fibres of the pons begin to form the middle cerebellar peduncle. At the 
level of the decussation of the superior cerebellar peduncles (fig. 208) a large dense area is 
_ found at the anterior surface : this involves the superficial fibres, the adjacent grey matter, 
and the pyramidal fibres. A few small early patches can be tnaeed amongst the transverse 
fibres of the pons, and a well-marked triangular area lies close to the left corner of the 
aqueduct of Sylvius. 
Cerebral Hemispheres.—Horizontal sections at the level of the lower and upper parts 
of the optic thalamus show that only a very slight degree of peri-ventricular involvement 
is present. This is an area of shadow sclerosis related to the posterior horn, and is of very 
slight extent. No other definite areas can be found in these sections, but at higher levels 
two or three small cortical and subcortical areas can be found in each section. An extensive 
demyelination of the superficial layers of the cortex of several convolutions is also present. 


Case IX, 


Clinical Notes. 


_ L. H—The patient, aged thirty, was admitted to Longmore Hospital on 24th May 1911, 
dying on 13th July 1911. 

_ As a school-girl she had always been healthy, although she has been late in walking. 
She used to take part in all games and gymnastics and was quite strong until she reached 
the age of twenty, when she began to notice a loss of power in her right foot. About this 
e she had an attack of chorea. For the last six years she has got decidedly worse, and 
had to remain in bed. Only the lower limbs and the bladder were affected. 


2 Post-mortem Report, 15th July 1911. 


~ ‘Marked contracture of both lower limbs. Bed-sores over both hips and left shoulder. 
_ Brain.—No adhesions of the dura. Some excess of clear cerebro-spinal fluid. Some 
ongestion of cortical vessels and pia mater and cedematous fluid under the pia. Convolu- 


a | cord. The right VILIth nerve appeared to be atrophied. 
— Spinal Cord._Very small. On section numerous patches of typical disseminated sclerosis 


_ Lungs.—Right: firm adhesion at the base. Pale in front, hypogastric congestion 
teriorly. On section marked cedema in upper lobe, congestion in lower. Left: in 
somewhat similar condition. 

_ The heart was small and flabby ; no valvular disease. 

_ The liver was enlarged and pale, with considerably fatty change. 

_ The spleen was very small, and the post-mortem discoloration was marked. 

_ The left kidney was a little enlarged, with the appearance of subacute parenchymatous 


nephritis : the capsule stripped freely. 


General Characters of the Areas. 


This case, also, presented a marked contrast between the areas in the spinal cord and 
those in the brain. The former were almost wholly in the stage of advanced sclerosis : the 
° “majority of the latter were in a stage of fat granule cell formation. 

In the cord the only extensive affection was found in the lower sacral region (figs. 238- 
239). Throughout the lumbar cord there was a remarkable symmetry in the small areas 
_ found in this region—especially in those which involved groups of nerve cells in the anterior 
horns of grey matter. Few fat granule cells could be found at any level, and those present 
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were either in relation to vessels in the periphery of the areas or in narrow zones imme- 
diately mesial or lateral to the posterior horns. Bielschowsky preparations proved the 
persistence of a large number of axis cylinders. The ganglion cells were very atrophied, 
and some were wholly filled with pigment—the jaune dégénération of CHarcot. Numerous 
cells of “‘fisch”’ type were present both in the anterior grey matter and in Clark’s columns. 
The central portions of the posterior columns frequently presented a whorl arrangement 
of the glia, while, on the other hand, the sclerosis of the lateral columns at several levels 
appeared to be progressing on the basis of an increasing glia hyperplasia. The nerve roots, — 
posterior root ganglia, and membranes presented few changes. 

The areas in the lower medulla (figs. 218-220) were very extensive, but those in the upper 
medulla and pons (figs. 221-224) were very limited, and were specially related to the angles 
of the ventricles, the adjoining cerebellar white matter and folia, to the superior cerebellar 
peduncles, and to the motor and sensory Vth nuclei. 

The peri-ventricular sclerosis of the lateral ventricles was very slight. A very large 
number of “early ” areas were found in the medullary rays of the convolutions, and a few 
limited to the cortex. The former frequently presented in a striking degree an affection 
limited to the borders between the white matter and the cortex. Such an involvement — 
could sometimes be traced for a considerable distance along both transition borders of 
the medullary ray in a narrow convolution, and sometimes along one border, into the cup 
of the fissure, and along the border of an adjoining convolution. 


Topographical Distribution. 


Spinal Cord.—Cervical Enlargement (figs. 228-230)—At its upper level the sclerosis” 
affects chiefly the antero-lateral columns and is present in different stages: an early zone — 
is also present along the sides of the posterior-median fissure, while a denser area occupies — 
one posterior horn and extends into the adjacent fibres of the posterior column. At C5 
one-half of the cord shows a diffuse change, and in the other more normally-staining half 
there is present a demyelination of the tip of the posterior horn and of the substantia gela- — 
tinosa Rolandi. At C6 the greater part of the cord shows an early involvement, while 
other areas are present in the lateral columns on one side and in the posterior columns. The 
more normal fibres are arranged around the grey matter both of the anterior and posterior — 
horns, and in a part of the periphery of the cord. A very similar picture is continued through — 
C7, but as C8 is reached the early extensive involvement of the previous segment gives — 
place, in one lateral column, to a still fainter staining and in the other to a complete 
demyelination, with the exception of a peripheral zone. Diffuse staining is also found 
distributed irregularly through the rest of the section: the more normal fibres lie chiefly 
around the anterior horn, at the base of the anterior median fissure, and in the region 
of the direct cerebellar tract. The intra-medullary fibres of the anterior root stat out 
clearly on both sides. - 

Dorsal Region (figs. 230—232).—At D1 the condition does not essentially differ éronl that 
in the last cervical segments : the dense area in one side is more extensive and the darker 
staining in the posterior columns is more limited. Throughout the whole of the remaining 
dorsal region the areas present all show diffuse changes, with a lighter staining of the 
myelin. The majority of these are found in the posterior and lateral columns, but their 
outline is very undefined and in no way determined by fibre systems. The fibres along the _ 
periphery of the cord and in immediate relation to the grey matter, along all its borders, 
as a rule stain better than those in the more central parts of the white matter. The grey 


the level of D6 both anterior horns are obliterated by denser areas, which extend anteriorly 
to reach the surface at the fissure and lateral surfaces. They are thus continuous with 
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_ one another across the base of the fissure, and involve both commissures, the base of the 
_ posterior horns, and the lateral horns. 

. Lumbar Region (figs. 233-236).—At the level of the first segment the picture is very similar 
to that found throughout the whole dorsal cord, but throughout the remainder of the lumbar 
and in the sacral cord the areas found are denser and more defined in outline. At L2 a 
peri-central sclerosis passes into the associated grey matter on either side and affects both 
-commissures : a triangular area extends along the posterior median fissure: smaller areas 
occur in each substantia gelatinosa Rolandi, and on the surface of the cord, especially at 
the tips of the anterior fissure ; and a small area is confined to the postero-lateral grey 
matter of the anterior horn on one side, with the immediately adjoining nerve fibres. At 
~L3 little change has occurred : the posterior area is now limited to a narrow zone along the 
- fissure, and the area in anterior grey matter is almost continuous with surface areas in the 
region of the root-emergent zones. At L4 these areas have fused laterally, and the portion 
within the grey matter involves both postero-lateral and antero-lateral groups of cells. 

‘Minute early areas are found along the antero-lateral surface of the opposite side, and 
the areas around the central canal in the substantia gelatinosa are more extensive. 

At L5 the sclerosis is limited to these three latter areas : they are now still more extensive 
and involve almost the whole posterior horn on one side and, on the other, the area is con- 
tinuous with a large glious zone in one extra-medullary posterior root. The sides of the 
_ anterior fissure and the posterior columns stain faintly. 

Sacral Region (figs. 237-239).—At S1 the peri-central sclerosis extends into the bases 
_ of the anterior horns and along each side of the anterior fissure: the areas in the substantia 
_ gelatinosa Rolandi are small: a minute area is still present in the postero-lateral group 
of nerve cells in the anterior horn on each side; there is also a slight involvement of the 
fibres around the dorsal portion of the posterior median fissure. At S3 there is almost 
a complete transection of the cord: a few normal fibres are left around the postero-lateral 
and anterior margins of the cord. In S4 the normal fibres are limited to a crescentic band 
tying in the anterior and antero-lateral surfaces, and to a few individual fibres in the regions 
of the posterior horns. The nerve roots of the cauda equina stain almost normally: a 
_ few nerve roots, however, are faintly stained. 

_ Medulla Oblongata.—At the level of the decussation of the pyramids (fig. 218), two areas 
of sclerosis are present: the smaller involves one substantia gelatinosa Rolandi; the larger 
affects nearly the opposite half of the medulla and extends obliquely from the substantia 
gelatinosa Rolandi across the central canal to the outer margin of the opposite pyramid. 
The area ventral to this oblique line is demyelinated, except a few peripheral fibres and 
pyramidal fibres after or during their decussation. A diffuse change is present throughout 
much of the remaining tissue. As the large area is traced upwards (fig. 219) it becomes 
more symmetrical and triangular in shape: its apex lies in the posterior median fissure, 
almost all the pyramidal fibres are involved, and from the lateral borders projections pass 
into each gelatinous Rolandic substance. At the level of the decussation of the fillet (fig. 
: 220) two clearly-marked areas are present: the one, peri-central, resembles a maple-leaf 
in form, and includes at its margin the hypoglossal nuclei; the other is obviously a continua- 
tion upwards of the previously described triangular area. It now extends from the posterior 
longitudinal fasciculus and involves both mesial fillets, both pyramids, and the lower end of 
both inferior olives. 

_ Middle Medulla.—¥ew areas are present at this level: the most marked is situated ven- 
trally in the middle line just at the junction of the mesial fillet with the pyramids. It 
involves the mesial portion of each pyramid, with a few of the adjoining fillet fibres, and 
_ probably represents the continuation upwards of the triangular area. A slight involvement 
of the tissue along the floor of the [Vth ventricle is also present. 

Upper Medulla (fig. 221).—A broad band on one side passes diagonally backwards 
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towards the ventricle from the surface of the medulla: this cuts across the fibres passing 
from the inferior olive to the restiform body and involves the nucleus ambiguus and the 
adjacent portion of the formatio reticularis. From the angle of the ventricle on the opposite 
side a dense band also passes to the surface of the medulla: this involves the fibres of the 
VIIIth nerve, the acoustic tubercle, the outer portion of the restiform body, and a portion 
of the peduncle of the flocculus. Narrow zones of sclerosis are also present on this side 
between the pyramid and the mesial fillet, and between the pyramid and the inferior olive. 
A few minute areas occur in the hilum of each inferior olive and amongst the fibres of the 
mesial fillet. The lateral walls and roof of the ventricle are more involved than the floor, 
_ and large areas of an “ early ” type pass from the ventricular surface into the hilum of each 
dentate nucleus. Further areas are found in different stages of development in the cere- 
bellar white matter, especially at its junction with the folia: the cores of the folia of both 
flocculi and of the vermis are markedly involved. 
Pons Varolii.mLower Third.—The angles of the ventricle and lateral walls are again 
more affected than the floor, and the sclerosis is continuous along the lateral walls to the 
hilum of each dentate nucleus: on one side the whole ventral half of the dentate nucleus 
is demyelinated. . Several areas, mostly of early type, occur in the central white matter of — 
the cerebellum and at its junction with the folia. Denser areas are present amongst the 
pyramidal fibres and early areas in the formatio reticularis on both sides. 
Middle Third.—The most affected parts lie in relation to the angles of the [Vth ven- — 
tricle. From one a large area spreads outwards and forwards: it completely obliterates 
Deiters’ and Bechterew’s nuclei and the restiform body fibres, and extends for a consider- 
able distance into the cerebellar white matter. From the opposite angle the sclerosis extends - 
along the floor of the ventricle as far as the median raphe: it obliterates the VIth nerve — 
nucleus and the genu of the VIIth nerve, extends for a short distance into the formatio reticu- — 
laris, and from the angle a diffuse area extends into the cerebellar white matter and along — 
the lateral wall to the roof of the ventricle. ; 
Upper Third (fig. 222)—The same two areas, in relation to the angles of the ventricle, 
appear at this level: one of these passes into the middle peduncle, involving the motor and — 
sensory Vth nuclei and several of the adjacent cerebellar folie: the opposite area is much 
smaller, but a diffuse zone extends around it to occupy a position similar to the affected 
tissue on the opposite side. Smaller patches occur among the transverse fibres of the pons, 
and larger areas towards the ventral aspect of the pyramidal bundles. At a higher level — 
(fig. 223) both the areas in relation to the ventricle have disappeared—the peri-aqueductal 
tissue being normal. An irregularly wedge-shaped area is present on the ventral surface 
of the pons to one side of the middle line, a similar area passes inwards from the surface 
at a point just ventral to the superior cerebellar peduncle, and several early areas lie in the — 
middle peduncle and in the formatio reticularis on both sides. 
At the level of the inferior quadrigemina (fig. 224) a slight peri-aqueductal sclerosis — 
occurs: this does not involve the posterior longitudinal fasciculus, but extends into the — 
quadrigeminal bodies for a short distance. A small area is present in the middle line in 
front of the decussation of the superior cerebellar peduncles—an area which higher up 
extends to involve part of the mesial fillet and surrounding fibres. A larger area passes 
inwards for a short distance amongst the anterior superficial pontine fibres on one side, 
and at a slightly higher level several small areas are found in relation to the anterior and 
lateral surfaces. 
Horizontal sections through the optic chiasma (fig. 225) show that the myelin stain! 
faintly over the whole optic chiasma, both optic nerves, one optic tract, and part of the 
other. There is a narrow zone of complete demyelination in the anterior margin of he 
chiasma, which extends forward along the inner border of one optic nerve: the septal con- 
nective tissue and vessels of both optic nerves are very thickened, 
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Cerebral Hemispheres.—Horizontal sections through the basal ganglia: a very slight 
ri-ventricular sclerosis is present around the posterior horn of the lateral ventricle, and 
minute areas occur in the white matter immediately adjoining, but the basal ganglia are free. 

Sagittal sections through the temporo-sphenoidal lobe, passing through the descending 
rm of the lateral ventricle, show a slight peri-ventricular sclerosis and diffuse areas in the 
joining white matter. Numerous minute peri-vascular areas are also present, especially 
the base of the medullary rays. 
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DESCRIPTION OF PLATES. 
(Figs. 1-22 are from drawings ; figs. 23-456 are micro-photographs.) 


The illustrations are grouped together to follow as closely as possible the different sections of the 
ogical study. Plates XLVIII-LX give various levels of the brain and spinal cord in the different cases 
show the general topographical distribution of the areas (myelin sheath stain). In the remaining illus- 
is chief stress has been laid upon the evolution of the sclerotic areas and upon the sequence of the 
nges in the individual tissue elements. 
Prarss XLV-XLVII: 
7 Figs. 1-4, Evolution of a sclerotic area in the spinal cord through a stage of fat granule cell 
formation—longitudinal direction of the nerve fibres. 

» 5-7. Ditto. Cerebral area: transverse direction of nerve fibres. 

» 8-12. Ditto. Spinal cord: transverse direction of nerve fibres. 

», 13-15. Sequence in blood-vessel changes. 

» 16-17. Related to axis cylinders. 


» 18-20. 6 evolution of the fat granule cells (‘‘ Fettkornchenzellen ”). 
‘ » 21-22. ws changes in the cerebral cortex. 
_ Prares XLVIII-LX. Topographical distribution of areas in Cases I-IX. 
a LXI-LXV. Special features of spinal cord and cerebral areas. Weigert stain. 


_»  LXVI-LXVII. Ditto. Marchi method. 
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Kies. 325-342. Evolution of a sclerotic area—through a stage of fat granule cell formation: spinal. 
cord—longitudinal direction of nerve fibres. 
5, 349-360. Ditto. Spinal cord—transverse direction of the nerve fibres. 
» 361-369, Ditto. Cerebral white matter—transverse direction of the nerve fibres. a) 
» 370-378. Ditto. Cerebral white matter —longitudinal direction of the nerve fibres. 
,, 343-348. Ditto. Through a stage of increasing glia hyperplasia. 
», 379-384. Types of glia cell changes and glia fibril development. 
», 385-396, Changes in cerebral cortical areas. 
5, 397-402. Positive and negative pictures—meyelin sheath and neuroglia stains. — 
,, 403-408. Changes in the transition zones of areas. 
» 409-420. “s related to ganglion cells, 


» 421-4382. e - axis cylinders, 

» 4338-450. . J, blood-vessels, 

» 451-456. is os nerve roots, etc. 
Puatt XLY. 


Figs. 1-4. Successive stages in the evolution of a sclerotic area in the posterior columns of the 
cervical spinal cord. Sections are cut in the longitudinal direction of the nerve fibres (p. 563) and 
show a gradually increasing glia fibril formation. Cf. figs. 325-336. Figs. 1 and 3, Ford-Robertson’s 
methyl-violet stain ; figs. 2 and 4, palladium methyl-violet. x400. a=glia nuclei; b=glia fibrils; 
e=fat granule cells; d=persistent axis cylinders. << 

Fig. 5. An “early” area in the cerebral white matter (cf. fig. 361): shows a central blood-vessel (6), 
a peripheral nucleated zone (d), and is composed almost wholly of fat granule cells (c) and proliferated glia 
cells, seen only as nuclei (a) under this power. Heidenhain’s iron-hematoxylin. x 26, 

Fig. 6. Area in the cerebral white matter. Numerous fat granule cells in the upper part of the draw- 
ing with an already advanced degree of fibril formation: few fat granule cells in the lower part with a still 
more advanced fibril formation—the glia nuclei almost wholly isolated from the fibril. a= protoplasmic 
glia cells with processes differentiated into fibrils; b=g¢lia fibrils; c=fat granule cells; d=glia nuclei 
isolated from the fibrils. Heidenhain’s iron-hematoxylin. «350. (P. 567.) Cf. figs. 361-369. 

Fig. 7. Types of proliferated glia cells with varying degrees of fibril formation. a= fibrils recurring 
near nucleus ; b=glia nucleus forming nodal point from which fibrils radiate. Cf. figs. 382-384, Heiden- 
hain’s iron-hematoxylin. x 400. Es 


Puate XLVI. 


Figs. 8-12. Successive stages in the evolution of a sclerotic area in the posterior columns of the 
cervical spinal cord. Sections cut transversely to the direction of the nerve fibres (p. 565). Cf. fig 
349-360. Van Gieson’s stain. x 350. a=glia nuclei; b=blood-vessel ; c= fat granule cell; d=myelin- 
ated nerve fibre ; e= finely granular glia tissue ; f=naked axis cylinder; g=transition to normal tissue. 

Fig. 8. Shows a commencing enlargement of the nucleus, cell body, and processes of the glia cells and 
a commencing change in the myelin, 

Fig. 9. Stage of glia cell proliferation and fat granule cell formation. Note the multi-nucleated glia 
cells, the presence of numerous deeply-stained nuclei in the tissue, the swollen and faintly-staining axis 
cylinders, and the ‘“ Gitter” structure of the fat granule cells. 

Fig. 10, Tissue is composed almost wholly of fat granule cells, many of which have accumulated within 
the adventitial sheath of the blood-vessels. x 

Fig. 11. Stage of advancing sclerosis: the glia fibrils, cut transversely, are represented as closely com 
pressed fine dots ; the persisting axis cylinders stain deeply ; a few fat granule cells are still left in the ti 

Fig. 12. Stage of advanced sclerosis. The tissue is dense aud finally granular, contains numerous a 
cylinders and a few fat granule cells—chiefly within the adventitial sheath of the capillaries. On the left 
transition to the normal tissue of the cord. 

Figs. 13-15. Sequence of changes in the blood-vessels (p. 614). Of. figs. 433-450, Van Gieson’s 
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stain. x 350. a=glia nuclei; )=blood-vessel; c=fat granule cell; d=cell containing blood pigment ; 
e=lymphocyte-like cells ; f= plasma cell ; g=glia tissue ; h =connective-tissue cell. 

Fig. 13. A transition vessel with its adventitial sheath filled with fat granule cells; numerous similar 
cells and enlarged glia cells in the surrounding tissue. 

Fig. 14. A larger vessel (c/. fig. 439), during the stage of advancing sclerosis, to show the cell tontent 
of the adventitia after the removal of the fat granule cells. 

Fig. 15. Small artery in an area of advanced sclerosis. Note the commencing “hyaline” fusion of the 
media and adventitia ; the outer layers of the adventitia and the layers of the peri-vascular glia are still 
ed and have an increased cell content. At a later stage the glia sclerosis immediately surrounds the 
lense, homogeneous vessel wall, which then shows few or no cell elements. 


4 Puate XLVIL. 


_ Figs. 16-17. Persistence of axis cylinders across a demyelinated area in the pons. C7. figs. 289 and 
1. Bielschowsky-Williamson silver impregnation method. Fig. 16, x 20; fig. 17, x 90. a=line of 
ansition between myelinated and demyelinated fibres ; )=median raphe where axis cylinders intersect ; 
2=shown in fig. 17, under high power. 

_ Figs. 18-20. Stages in the demyelination of an area and in the evolution of the fat granule cell. 
Frozen sections cut in the longitudinal direction of the nerve fibres. Scharlach R. x300. a=small glia 
ei; c=fat granule cell; b=transition forms between a and 6; d=nerve fibre; e=blood-vessel ; 
f=proliferated glia nuclei. 

Fig. 18. Longitudinal nerve fibres immediately adjoining a demyelinated area. Note the cells contain- 
at granules. 

Fig. 19. Structural elements in the transition zone of an early area. Note the longitudinal myelinated 
e fibres passing into the area, the rows of enlarged glia cells, and the numerous fat granule cells in all 
ses of their formation. The first fat granules are contained in the protoplasm adjoining the poles of the 
eus and as they increase in amount the cell becomes round. 

Fig. 20. Capillary, in a demyelinated area, completely surrounded by a layer of fat granule cells. 
ntitial sheath not brought out in this stain. 

Figs. 21-22. Glia changes in a completely demyelinated area in the cortex (p. 595). Cf. figs. 
396. Ford-Robertson’s methyl-violet stain. x500. a=proliferated glia cells with protoplasm and 
sses differentiated into fibrils; b=capillaries with glia fibrils attached to their outer membrane ; 
anglion cells ; d=small glia cells forming nests around the remains of ganglion cells ; e= degenerated 
ion cells ; f=retained axis cylinders. Note that the normal cyto-architecture of the tissue is preserved. 
Fig. 21. Deepest (polymorphous) layer of the cortex. 

_ Fig. 22. Layer of the deep pyramids. 


Prates XLVIII, XLIX, L (Case I). 


Figs. 23-63. Sections of brain and spinal cord. Kulschitsky-Pal myelin sheath stain with picro-fuchsin. 
64-69. Sections to show the prevailing type of area present. Marchi method. 

_ Figs. 23-24. Complete horizontal sections through the cerebral hemispheres at the lower part of the 
sal ganglia (p. 631). a=peri-ventricular sclerosis around the posterior horns of the lateral ventricles, 
ce the sclerosis is continued backwards towards the calcarine fissure ; =the involvement of the splenium 
le corpus callosum; c=area in the left optic thalamus; d=areas in the right and left claustrum 
ding to involve the convolutions of the island of Reil—small areas are present also in the anterior and 
posterior limbs of the internal capsules and in the right and left putamen ; e=oval area in the medullary 
ay and grey matter of the anterior part of the left frontal operculum (¢/. fig. 284) ; f=two small areas in 
right frontal operculum; g=several areas in the convolutions of the occipital lobe in both sides, 
specially around the calcarine fissure. 

Fig. 26. Level of the roof of the right lateral ventricle. a=involvement of the outer wall and posterior 
tip of the ventricle; )=large areas in the adjoining white matter, especially towards the occipital lobe ; 
¢=area in the medullary ray of the post-Rolandic gyrus in the precuneus, 
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Fig. 25. Above the left ventricle—numerous areas in the white and grey matter especially. a=in the 
centre of the white matter towards the frontal lobe ; b=at junction of white and grey matter in the post- 
Rolandic gyrus ; ¢=area in convolutions of the calcarine fissure. 

Figs. 27 and 28, x 7. Almost symmetrical involvement of the white matter of the flocculus of the — 
cerebellum—an involvement (a) which extends into the cores of numerous foliz. r 

Fig. 29. Horizontal section through the temporo-sphenoidal lobe just below the floor of the descending 
horn of the lateral ventricle. a=extension of the peri-ventricular sclerosis to the region of the calcarine 
fissure ; 6=involvement of the convolutions at the tip of the lobe; and c=of the fibres of is 
fipecainipal lobe. 

Figs. 30 and 31, x 24. Frontal longitudinal sections of the lower cervical cord from serial aschioud 
In fig. 30 note the involvement of the anterior columns on either side of the anterior median fissure, wit 
extension into the grey matter (a) and the lateral white matter (0). Fig. 31, through the central canal, with 
similar involvement of grey (a) and white (>) matter. Note the indication of the primary eval form 
of the areas. a 


Puate XLIX. 


Figs. 32-47 taken from Weigert serial sections of medulla oblongata and pons. x2. Note the 
distribution of the areas in relation to the floor and walls of the [Vth ventricle; the involvement of the 
dentate nucleus; the frequent sharp definition of the areas; that several are surrounded by a zone of 
shadow sclerosis, which has also a sharp outline ; and that nearly all the cranial roots enter into de- 
myelinated tissue (pp. 628-631). 

Fig. 32. Medulla oblongata above the decussation of the pyramids. 

Fig. 33. At level of accessory olivary nucleus. a=peri-central sclerosis. 

Fig. 34. At lower end of inferior olive. 

Fig. 35. At middle of inferior olive. 

Figs. 36 and 37. At the opening of,the central canal into the [Vth ventricle. 

Fig. 38. Upper medulla continuous with the cerebellum. a=entering VIIIth nerve on each side; 
b=demyelination of vermis and accompanying nodules. c=involvement of the hilum of the dentate 
nucleus on both sides. y 

Fig. 39. Junction of medulla oblongata and pons. Note involvement of the fibres of the infer ‘ 
and middle cerebellar peduncles on both sides, with extension to the centre of the corresponding floccule: 
a=figs. 27 and 28 ; b=area in the cerebellar white matter. 

Fig. 40. Pons anol at the level of the lower third of the middle cerebellar peduncle. 

Fig. 41. Middle of pons. In figs. 38-41 note the involvement of all the cranial nuclei in this region— - 
the nuclei of the VIth, the cochlear nuclei, and the nuclei of Bechterew and Deiters ; also the comple te 
involvement of both middle cerebellar peduncles. ; 

Fig. 42. Pons at upper part of the middle peduncle. a=an area in the median raphe, which in~ 
higher sections (figs. 43-45) reaches the anterior surface. r 

Fig. 43. Upper pons. Note the symmetry of the involvement. 

Fig. 44. Junction of pons and mid-brain. a-=area in the middle line which reaches almost to the 
mesial fillet and cuts across, in sharply-defined lines, the intersecting fibres of the raphe and the adjoining 
fibres on each side. Cf. fig. 289 and figs. 16, 17, and 421, which show the complete retention of the axis 
cylinders across this demyelinated area. . 

Fig. 45. Slightly above (fifty serial sections) fig. 44. a@=zone of “shadow” sclerosis around area. 

Fig. 46. Fifty serial sections above fig. 45. Note three areas of “shadow” sclerosis. a=in centre of 
the pyramid ; )=in middle line at level of mesial fillet ; c=at lateral border of mesial fillet. 4 

Fig. 47. Mid-brain. Aqueduct of Sylvius free. a@=area in middle line anterior to the commencin 
decussation of the superior cerebellar peduncle. ‘ 


Pirate L. 


Figs. 48-63. Various levels of the’ spinal cord. Myelin sheath stain. x2. (Pp. 626-628.) No 
that there are few isolated areas and that there is frequent almost complete symmetry of the involvement 
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(g. figs. 49 and 59). Note further the complete demyelination at the lower dorsal (fig. 58) and lower sacral 
: ents (fig. 63), and the complete myelination of the nerve roots of the cauda equina (figs. 62 and 63; 
ef. figs. 452 and 453). 

Figs. 64-69. Marchi sections to show the prevailing type of areas present in optic tract and optic nerve 
(figs. 64 and 65, x 10); in spinal cord (figs. 66 and 67, x 6), and in the brain (fig. 68, x 75, and fig. 69, x 10). 
Figs. 64 and 65. Showing ‘‘ early ” degeneration with rows of fat granule cells, 

Fig. 66. Small “early ” area in the posterior columns (cf. fig. 313). 
Fig. 67. Posterior columns show a late stage of sclerosis with dense glia tissue staining darkly ; both 
lateral columns show an “early” stage with rows of fat granule cells around the vessels. 

Fig. 68. Typical small “early ” area in the central white matter. The tissue around a central blood- 
vessel is permeated with fat granule cells, 

Fig. 69. Demyelinated “early ” area at the tip of a medullary ray, extending through the radiations 
almost to the superficial cortex—its medullary portion and the vessels radiating from it are permeated with 
fat granule cells. 


Puates LI anp LILI (Cass II) (pp. 690-694). 


Figs. 70-92. Various levels of brain and spinal cord. Kulschitsky-Pal with picro-fuchsin. 

Figs. 70-73. Horizontal sections through the cerebral hemispheres at the level of the middle (figs. 
(0-71) and upper part (figs. 72-73) of the basal ganglia. Note a=the very marked peri-ventricular 
olvement, especially of the posterior horns and of the ventricular surfaces of the basal ganglia ; 
6=the numerous areas within the basal ganglia—one of which, on the left side, occupies the genu of the 
internal capsule and involves both optic thalamus and lenticular nucleus; c=the demyelination of long 
tehes of the medullary rays, involving frequently several convolutions, especially of the parietal lobe 
of the island of Reil, and extending into the grey matter; d=the continuation of the posterior horn 
rosis towards the calcarine fissure—involving the optic radiations, the tapetum, and the inferior longi- 
tudinal bundle. 

_ Figs. 74 and 75, x2. Above the level of the roof of the right lateral ventricle. Sections show very 
numerous isolated areas, most of which involve the medullary rays and the adjoining cortex. a=fig, 277; 
fig. 288 ; c= fig. 280; d=fig. 278. 

Figs. 76-82. Sections of pons and mid-brain. Note the extensive peri-ventricular and peri-aqueductal 
rosis—the cranial nuclei, without exception, being involved. Note also the extensive involvement of 
the red nuclei (fig. 82). 

Fig. 76. Lower third of pons. x 24. 

Fig. 77. Middle third of pons. x2. Note a=the irregular areas of sclerosis passing as projections 
n the floor of the IVth ventricle; 6=zone of ‘‘shadow” sclerosis around area in the cerebellar white 


F- Figs. 79 and 80. Upper third of pons. x 24. 

_ Fig. 81. Level of decussation of the superior cerebellar peduncles. x 24. 

Fig. 82. Mid-brain. x2. Peri-aqueductal sclerosis with involvement of most of the structure of the 
nentum, to the IlIrd nuclei, and adjoining parts of both red nuclei (a). Several additional small isolated 
s in each red nucleus (0). 

Figs. 83-88. Various levels of the spinal cord. Myelin sheath stain. x2. The sections are typical 
he almost complete demyelination of the whole spinal cord ; the still preserved fibres occupied, as a rule, 
the marginal portions aud showed a marked symmetry. 

Fig. 89, x 10. Cervical cord showing complete demyelination, condensation of the vessel walls, and 
nerve roots staining almost normally. 

Fig. 90, x 2. Frontal longitudinal section of the dorsal cord showing a similar demyelination. 

Fig. 91, x2. Nerve root and posterior root ganglion attached to the above segment. 

‘Fig. 92, x2. Conus medullaris and nerve roots of cauda equina in longitudinal section, showing | 
‘normally staining nerve roots although the whole cord is demyelinated. 
‘’ 
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Puate LILI (Case IIL!) (pp. 696-698). 


Figs. 93-113. Sections through brain and spinal cord. Kulschitsky-Pal and picro-fuchsin. 
Figs. 93 and 94. Tnrough cerebral hemispheres near the base of the optic thalami. a=affection of 
the posterior horns; /=of the anterior horns; c=of the genu of the corpus callosum; d=areas in the 
path of the optic radiations; e=two early areas in the retro-lenticular portion of the internal capsule; — 
J=in the right parietal operculum ; g=in the left middle temporal convolution, 
Figs. 95-96. Through basal ganglia above the middle of the optic thalamus. (a), (2), and (d) as in 
previous figures ; ¢=areas in the splenium of the corpus callosum ; e=in the medullary rays and grey matter 
of two parietal convolutions (fig. 285). ; , 
Fig. 97. Horizontal section through left hemisphere near vertex. x2. Numerous large and small 
areas involving medullary rays and radiations. a=in the para-central lobule; b=in the pre-central lobule 
c=in the superior frontal gyrus. : 7 
Figs. 98 and 99, x 3. Medulla oblongata above the decussation of the pyramids and at the dain 
of the inferior olive. 
Figs. 100-101, x 3. Involvement of the optic chiasma and inner aspects of both optic nerves. 
Figs. 102-113, x 2. Various levels of the spinal cord. 


Puares LIV anp LV, Fras. 123-142 (Case IV) (pp. 700-703). 


Figs. 114-142. Sections through brain and spinal cord. Kulschitsky-Pal with picro-fuchsin. 
Figs. 114-115. Horizontal sections through cerebral hemispheres at the level of the middle of the basal _ 
ganglia. a=affection of the posterior horns; b=of the anterior horns; c=of the genu, and d=of the 
splenium of the corpus callosum. . 
Fig. 117. Above the roof of the right lateral ventricles. a@-=areas in the central white matter—probably 
an extension of the peri-ventricular sclerosis of the roof of the ventricle. 
Fig. 116. At a higher level, left side. @=area in a convolution of the intra-parietal sulcus ; b=in the 
upper frontal gyrus. ’ 
Figs. 118-124, Levels of medulla oblongata and pons Varolii. x 24. 
Fig. 118. Above the decussion of the pyramids, : 
Fig. 119. At lower level of the inferior olive. 
Fig. 120. Middle third of medulla. 5 
Fig. 121. Upper limit of the medulla with the cerebellum. a=affection of the hilum of the dentate 
nucleus on both sides, 
Fig. 122, Middle third of pons with the cerebellum. a=areas in relation to the dentate nucleus ; 6=to 
the intra-medullary root of the Vth nerve. 
Fig. 123. Upper third of pons. Note areas around the Vth root zones. 
Fig. 124. Mid-brain. a=peri-aqueductal sclerosis. b=extension forwards along median raphe, 


nucleus ; @=in the middle third of the right erus. 

Figs. 125-142. Various levels of the spinal cord., x 2. Note the marked involvement of the cervical 
enlargement, the dorsal cord, and the third sacral segment; that the areas in the lumbar cord are small aud 
isolated, and are frequently confined to the grey matter ; and the almost complete symmetry of the involve 
ment in figs. 125, 126, 129, 130, and 138. _ 


Piate LV, Fias. 143-155 (Case V) (pp. 705-707). 


Figs. 143-147. Levels of the medulla oblongata and pons Varolii. Kulschitsky-Pal with picro-fuchsin 
x2. Note that these regions were comparatively slightly affected in comparison with most of the cases, 
Fig. 148. Medulla oblongata above the decussation of the fillet, 
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Fig. 144. Medulla oblongata through the middle of the inferior olive. Note the symmetry in both this 
and the previous figure. 

mee Fig. 145. Middle third of the pons and the cerebellum. Note the very slight peri-ventricular sclerosis. 
Fig. 146. Pons—at level of root zone of the trigeminal nerve. 

Fig. 147. Upper limit of pons—at level of anterior corpora quadrigemina. 

Figs. 148-155. Various levels of the spinal cord. Kulschitsky-Pal with picro-fuchsin, x2. Note 
the symmetry of the involvement in fig. 148 (C4) and fig. 149 (C7)—a symmetry which was continued 
“between these segments and gave the impression of an ascending and descending degeneration. Note in 
fig. 155 small, isolated areas in each anterior horn of grey matter. 


Puatres LVI ann LVII (Case VI) (pp. 708-711). 


Figs. 156-177. Sections of brain and spinal cord. Kulschitsky-Pal with picro-fuchsin. Figs. 178-184. 
Sections to show the prevailing type of area present. Marchi method. 
Figs. 158-160, x 2. Medulla oblongata above decussation of the pyramids (fig. 158); at lower level 
of the inferior olive (fig. 159); and through middle medulla (fig. 160). Note the symmetry in the two 
lower levels. 
Fig. 156, x 24. Lower pons with cerebellum. Note a@=the marked involvement of the floor and 
la eral walls of the [Vth ventricle; b=the extensive distribution of early diffuse areas through the rest of 
e tissue ; and c=the reorewters of the intra-medullary portion of the VIIIth nerve roots. 
Fig. 157, x 24. Pons at level of Vth nerve root. Note a=involvement of both inferior peduncles as 
y pass to the dentate nuclei; and b=of the intra-medullary portions of the Vth nerve roots. 
* Fig. 161. Mid-brain. x2}. Note (a) involvement of both red nuclei; (5) extension to the substantia 
nigra and point of emergence of the IIIrd nerve on both sides. 
Fig. 162, x 24. Subthdlamic region. x24. a= Peri-aqueductal sclerosis extending between the 
red nuclei ; b= ventricular portion of both red nuclei also involved. 
_ Figs, 163-165, x 2. Optic tracts, chiasma, and optic nerves. 
Figs. 166-176. Various levels of the spinal cord. Figs. 166-169, x 3; figs. 170-176, x 2. The cord 
at all levels was in a stage of early involvement (cf, figs, 178-180). 
Fig. 177, x 2. ‘‘ Early” area involving the hilum of the dentate nucleus of the cerebellum. 

Figs. 178-184. Frozen and Marchi sections to show the prevailing ‘‘early” type of area present in 
this case. 
Figs. 178-180. Spinal cord areas in cervical and dorsal segments: to show the extensive distribution of 
the areas containing fat granule cells—involving frequently the whole transverse section of the cord. 
ig. 178, Scharlach R, x 6 ; figs. 179-180, Marchi, x 6. 
Figs. 181-184. Typical cerebral areas. Marchimethod. Fig. 181, x 15, peri-ventricular area ; fig. 182, 
x 20, showing cone-shaped mode of extension; fig. 183, x 20, triangular area at the extreme tip of a 
ullary ray—extending to involve the radiations ; fig. 184, x 20, area involving a medullary ray along its 
hole course, and passing into the radiations at the tip of the convolution. 


Puate LVIII (Case VII) (pp. 712-714). 


Figs. 185-199. Various levels of the spinal cord. Figs. 185-186, x 4; figs. 187-199, x 6. The 
areas showed a more complete degree of sclerosis than in any of the other cases, and numerous small, 
ted areas were present—several of which picked out individual groups of anterior horn cells, e.g. 
figs. 187 and 195 (C7 and L2). Note also the widening of the glia marginal zone (cf. figs. 194-199 () ) in 
all of the sections, and in the lumbar cord a peri-central sclerosis which extends into the grey matter on 
each side for a varying distance (cf. figs. 194-199 (a) ). 

Fig. 200. Horizontal section through cerebral hemispheres at the level of the middle of the basal 
-ganglia—showing marked peri-ventricular sclerosis, especially around both the anterior (/)) and posterior (a) 
horns of the lateral ventricles. Mounted specimen. x #4. 

-Fig. 201. Outer wall of lateral ventricle showing zones of greyish-blue staining, which outlines the 
sub-ependymal veins (a). Mounted specimen. 
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Puate LIX (Casz VIII) (pp. 715-717). 


Figs. 202-217. Levels of the pons, medulla oblongata, and spinal cord. Kulschitsky-Pal with picro- 
fuchsin. Note the marked involvement of the spinal cord from the cervical enlargement downwards, and 
the comparative integrity of the remaining portions of the central nervous system. 

Figs. 202 and 203. Upper cervical cord (C3 and Cl). x 2. 

Fig. 204, x 2. Medulla oblongata above the decussation of the fillet; diffuse staining of the tissue 
between the inferior olive and the substantia gelatinosa Rolandi on each side. 

Fig. 205, x 24. Middle medulla with cerebellum. larly areas in both restiform bodies; section 
otherwise normal, “= 

Fig. 206, x 24. Lower pons; areas lie mostly in the cerebellar portion, and small areas are related to 
the zone of entry of the VIIIth nerve on both sides. 

Fig. 207, x 24. Upper pons; shows only two small areas which lie in the pontine grey matter and 
middle cerebellar peduncle. . 

Fig. 208, x 24. Pons—level of decussation of the superior cerebellar peduncles; antero-lateral area — 
involving superficial transverse fibres, pontine grey matter, and pyramidal fibres ; also slight peri-aqueductal 
sclerosis, i 

Figs. 209-217. Various levels of the spinal cord. Note the advanced degree of sclerosis of the cervical — 
enlargement and dorsal cord ; few of the levels showed any fat granule cells. Note also that the remaining — 
myelinated fibres (frequently peripheral) show a marked symmetry in their grouping and arrangement, 
and that the spinal nerve roots at most levels stain normally. ‘ 


Prats LX (Case IX) (pp. 718-720). 


Figs. 218-224. Levels of the medulla oblongata and pons. Kulschitsky-Pal with picrofuenem x2 
(fig. 221, x1). Note the extensive. involvement of the lower medulla, but that the areas in the upper 
medulla and pons are few and are related specially to the angles of the ventricle, to the adjoining cerebellar 
white matter and folie, and to the superior cerebellar peduncles. 

Figs. 218-220. Lower medulla. Note the symmetry of the involvement. 

Fig. 221. Upper medulla with cerebellum. 

Fig. 222. Pons Varolii—upper third—areas are specially related to the angles of the ventricle, pass on 
both sides into the middle peduncles, involve several of the adjoining cerebellar One and the motor and 
sensory Vth nuclei. 

Fig. 223. Upper limit of pons ; peri-aqueductal tissue now normal. 

Fig. 224. Pons—level of inferior corpora quadrigemina. 

Fig. 225, x 2. Horizontal section through optic chiasma; narrow zone of complete demyelination in 
anterior margin of chiasma and along the inner border of one optic nerve—the rest of the tissue stains faintly. | 

Fig. 226, x 2. Frontal longitudinal section through segment of dorsal cord. { 

Fig. 227, x 2. Posterior root ganglion related to previous figure. 

Figs. 228-239, Various levels of the spinal cord. Kulschitsky-Pal with picro-fuchsin. x2. Note the — 
extensive affection of the lower sacral segments (figs. 238, 239), and the symmetry present in the small 
areas found in the lumbar cord—especially in those which involve groups of anterior horn ganglion cells 
(figs. 236, 237). 


Prats LXI. 


Figs. 240-249. Transverse sections of the cord from various cases to illustrate special features of indi- 
vidual areas. Kulschitsky-Pal with picro-fuchsin. Figs. 240-243, x 10; figs. 244-249, x 6. 

Fig. 240. Sixth cervical segment. Note complete preservation of nerve roots, 

Fig. 241. Fifth lumbar segment. Note lateral vessels (a) passing to the postero-lateral projection ¢ of 
the anterior horn (ef. fig. 253). 7 | 

Fig. 242. Fifth lumbar segment. a=involvement of the glious, extra-medullary portion of posterior 
nerve root, 
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Fig. 243. Third lumbar segment at a low level. Note areas at the tip of the anterior fissure and 
around posterior median fissure. Also a@=peri-central sclerosis, and 6=area in lateral part of anterior 
grey matter. ] 
__ Fig. 244. Third cervical segment. Note the tendency towards symmetry and the varying stages of the 
involvement. : 
‘Fig. 245. Junction of seventh and eighth cervical segments. a@=small isolated areas. 
‘ Fig. 246. Eighth cervical segment near the junction with first dorsal. Note a=large triangular area 
with base to surface of the cord—extension to the grey matter which is still outlined. 
‘Fig. 247, Third lumbar segment, a=symmetry of involvement of the tissue around central canal and 
adjoining anterior median fissure. 

‘Fig. 248. Fourth lumbar segment—incomplete symmetry. 
Fig. 249. First sacral segment. Large irregular area with distinct outline. 
Fig. 250, x 10. Frontal longitudinal section of the cord showing complete demyelination. a@=mnormal 
nerve roots ; 6=longitudinal small vessels with condensed walls. 

_ Figs. 251-252. Upper and lower levels of first dorsal segment—from serial sections. Involvement 
simulates secondary degeneration. 


' Puate LXII. 


Figs. 253-264. Special features of spinal cord areas. Kulschitsky-Pal with picro-fuchsin. Figs. 253- 
258 and 260-263, x 30; fig. 259, x 40; fig. 264, x 80 
. Fig. 253 (cf. fig. 241 (a) ). Note a=lateral vessels passing to area which has picked out the postero- 


Fig. 254. Small oval area around an artero-lateral vessel. 
Fig, 255. Larger area extending from the anterior surface of the cord to involve the anterior margin of 


Fig. 256. a=small oval area at junction of white and grey matter, around the terminal branches of a 
lateral vessel; b=smaller area near the surface around a lateral vessel. 

_ Fig. 257. Wedge-shaped area with truncated apex. 
_ Fig. 258. Small undefined area within the lateral column of white matter. 
Fig. 259. Triangular area in posterior columns with apex near posterior commissure (a). This area 
mds posteriorly to the surface of the cord. 
Figs. 260-262. Indistinctly outlined, small areas around the anterior, middle, and posterior thirds, 
tespectively, of the posterior median fissure. 

Fig. 263 (cf. fig. 242 (a) ). Demyelinated glious area in the immediately extra-medullary portion (a) of 
posterior root and continuous with large area in the postero-lateral region of the cord (Ld). 
Fig. 264. Similar demyelinated glious area (a) immediately external to the ‘‘ Ablassung ” zone (0) ; intra- 
medullary fibres normal (c). 


Pruare LXIII. 


Figs. 265-276. Special features of cerebral areas: figs. 265-268, in the basal ganglia; figs. 269-276, 
fly involving the cortex. Kulschitsky-Pal with picro-fuchsin. 

Fig. 265, x 5. Two areas (a) involving both internal capsule and globus pallidus; a third area (6) 
tting across the internal medullary lamina of the lenticular nucleus and extending into both globus 
idus and putamen. 

Fig. 266, x 13. Area around blood-vessel in the lenticular nucleus. 

Fig. 267, x 6. Areas, around vessels, involving a=optic thalamus; =internal capsule ; and c= 
lenticular nucleus. : | 

Fig. 268, x 7. Area in the white matter of the occipital lobe in the path of the optic radiations. 

Fig, 269, x 6. Convolutions around the calcarine fissure, showing involvement of the optic radiations 
(a) and of the cortical grey matter (6). 

Fig. 270, x 6. Convolutions around the opposite calcarine fissure of the same case as fig. 269, 
‘showing a large number of areas, a=small area confined to a medullary ray ; /=areas involving both 
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medullary ray and radiations; c=confined to the deep cortex; d=extensive demyelination of the — 
superficial cortex. 
Fig. 271, x 7. Convolutions at the extremity of the occipital lobe ; the medullary ray and radiations — 
at the tip of both convolutions (a) all sharply cut off in an irregular line. 
Fig. 272, x7. Convolutions at the extremity of the opposite occipital lobe of the same case as 
previous figure. a=complete demyelination of the superficial cortex over an extensive surface ; and b= 
invasion of the deep cortex. 
Fig. 273, x7. Superior frontal convolution. a=cutting off of the medullary radiations at the — 
adjoining tips of two convolutions. 
Fig. 274, x 7. Convolutions surrounding the central fissure at-the extreme vertex of the hemisphere. — 
a=irregular demyelination of the superficial and invasion of the deep cortex. 
Fig. 275, x7. Convolutions of the para-central lobule. a@=area confined to the medullary radiations ; 
b=wedge-shaped area involving whole depth of the cortex and extending with truncated apex into the | 
transition zone of white matter. * 
Fig. 276, x 6. Convolution of the island of Reil. a@=irregular demyelination of the cortical radiations — 
and extension into the cups of the adjoining convolutions ; 6=small area in the white matter at base of 
the medullary ray. = 


Puate LXIV. 


Figs. 277-288. Special features of cerebral areas, chiefly cortical. Kulschitsky-Pal with picro-fuchsin. — 
Fig. 277, x6. Convolution of the para-central lobule. Note the sharp delimitation of the area both 
in the white matter and in the radiations of the cortex (¢/. fig. 74 (q) ). F 
Fig. 278, x 15. Convolution of the intra-parietal sulcus. Wedge-shaped area in the cortex extending 
with truncated apex into the white matter. 
Fig. 279, x 13. Convolution of the marginal gyrus. Area surrounded by a zone of lighter staining 
both in the white matter and cortex. — 
Fig. 280, x 12. Convolution of the parieto-occipital fissure. 
Fig. 281, x 10. Superior parietal convolution. Involvement of the cup of a convolution. 
Fig. 282, x7. Superior frontal convolution. Area extending from the medullary ray and sharply 
cutting off the radiations. = 
Fig. 283, x 5. Convolution of the para-central lobule. Two well-defined areas in the white matter 
and one extending from medullary ray to surface of the convolution. 
Fig. 284, x 6. Convolution of the frontal operculum, Area cutting across the ned ray” and 
involving cortex on either side (ef. fig. 25 (e) ). 
Fig. 285, x 5, Area ina parietal convolution involving several medullary rays with their radiations, 
with the exception of the tip of one convolution (cf. fig. 95 (e) ). 
Fig. 286, x 28. Area at the lateral surface of a couvolution—involving both transition zone and 
radiations, and showing the very abundant capillary plexus of the cortex. 
Fig, 287, x 33. Small area situated within the radiations, with central longitudinal vessel. , 
Fig. 288, x 13. Convolution of the central fissure—well-defined area in the medullary ray and 
involving the transition zone (cf. fig. 74 (0) ). 


Puate LXV. 


Figs. 289-300. Special features of individual areas, chiefly cerebral. Kulschitsky-Pal with picro- 
fuchsin. Fig. 291, Heidenhain’s iron-hematoxylin stain. a 
Fig. 289, x 10. Area in the mesial line of upper pons—cutting across, in sharply-defined lines, the 
intersecting fibres of the raphe and the adjoining fibres on each side. Cf. fig. 44 (a) ; also figs. 16, 17, and 
421, which show the complete retention of the axis cylinders across this demyelinated area. oy 
Fig. 290, x 6. Showing a=involvement of the medullary cores of several cerebellar foliea ; b= areas in 
the cerebellar white matter ; and c=in the peduncles. 24 
Fig. 291, x 10. Medulla oblongata at level of middle of inferior olive, showing faint staining of the 
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pe tracts. Section is given to illustrate the use of Heidenhain’s iron-hematoxylin stain to bring 
out myelinated nerve fibres. 

Figs. 292-294. Areas with central blood-vessels: fig. 292, x 30, in external capsule and claustrum ; 
93, x 30, in central white matter ; fig. 294, x 13, in central white matter. 

Fig. 295, x 28. Multiple, minute, demyelinated areas in the superficial cortex: sections cut at right 
to the radiating fibres of the cortex. 

_ Fig. 296, x 50. Radiating fibres passing for an irregular distance into an area. 

_ ‘Fig. 297, x10. Bowl-shaped area in the superficial cortex. 

ig. 298, x 30. Demyelinated area (a) showing no change in the cyto-architecture of the cortex 


_ Fig. 299, x50. Demyelinated area (a) showing marked cell reaction in the cortex (cf. previous figure). 
Fig. 300, x 30. Slight demyelination (a) of the tangential fibres of the cortex. 


Puate LXVI. 


Figs. 301-312. Special features of early cerebral areas, in which numerous fat granule cells are present, 
seattered in the tissue and collected around the blood-vessels. Marchi method. 
; Fig. 301, x 20. Area in the central white matter. 
_ Fig. 302, x 20. Area confined to a medullary ray. 
Fig, 303, x 20. Area involving apex of a medullary ray and passing into the radiations, 
Fig. 304, x 20. Similar area with central (older) portion clearing up. Note that the longitudinally- 
g vessels, passing from the area, are outlined by fat granule cells. 
ig. 305, x 20. Narrow area extending along the transition zone of a medullary ray. 
_ Fig. 306, x 30. Area distinctly limited to the medullary ray in one convolution but passing in another 
radiations. 
_ Fig. 307, x 20. Involvement of the genu of the corpus callosum. 
" Fig. 308, x 30. Peri-ventricular area around the descending horn of the lateral ventricle. 
Fig. 309, x 20. Involvement of the hilum and lamelle of the dentate nucleus of the cerebellum. 
fig. 310, x 33. Area in central white matter, showing clearing up of the central zone. 
. 311, x 20. Area on the path of the optic radiations (¢f. fig. 268). Note that the fat granule 
confined to the peripheral zone. 
. 312, x50. Area, almost completely sclerosed, in which a few fat granule cells are present in 


Prare LXVII. 


Figs. 313-324. Special features of areas in the spinal cord: figs. 313-315, transverse section ; figs. 
23, longitudinal section. Marchi method. 

Fig. 313, x 35. Small area around the vessels of the posterior median fissure (¢/. fig. 66) ; fat granule 
tained black with the osmic acid, permeate the tissue and surround the capillary and larger vessels. 

ig. 314, x 100. H.P. of previous figure. 

ig. 315, x 30. Margin of cord with pia, showing the lateral vessels, with fat granule cells in their 
itial lymphatic sheaths, passing towards the inner layers of the pia, within which they spread in all 


: Fig. 316, x5. Longitudinal interrupted lines of fat granule cells. 

' Fig. 317, x 7. Ditto. Paler appearance of part of the section is due to the removal of the fat granule 
s in the adventitial lymphatics. 

Fig. 318, x 35. HP. of previous section, showing these cells in longitudinal rows, 

Figs. 319-323. Evolution of the Marchi changes, in the nerve fibre, which lead to the formation of the 
at granule cells; early change frequently a darkening of the myelin (fig. 319, x 50); early degeneration 
the form of rows of small globules (figs. 320-322, x 30); gradual appearance of fat granule cells (fig. 
323, x 200). 

_ Fig. 324, x 40. Degeneration in the sciatic nerve in Case I. 


jf =wwyelinated nerve fibres. 


f =blood-vessels surrounded by layers of fat granule cells; y=central canal ; h=dense glia tissue; 1=glia 
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Puate LXVIII. 


Figs. 325-333. Evolution of an actual sclerotic area, in the posterior columns of the spinal cord, 
through a stage of fat granule cell formation (fig. 333); sections cut in the longitudinal direction of the 
nerve fibres (pp. 584-585). Of. figs, 1-4. Figs. 325-331, x 200, Heidenhain’s iron-hematoxylin ; figs. — 
332-333, x 200, Palladium methyl-violet. @=glia nuclei ; 6=glia fibrils ; c= fat granule cells ; d= persistent — 
axis cylinders ; e=blood-vessels. 

Fig, 325. Commencing reaction of all the tissue components. 

Fig. 326. Fat granule cell formation with commencing glia fibril formation. 

Figs. 327-328. Glia cell proliferation with glia fibril formation at the expense of the glia cell protoplasm _ 
and protoplasmic processes. : 

Figs. 329-330. Increasing glia fibril formation with gradual removal of fat granule cells. 

Figs. 331-333, Advancing and complete sclerosis. 

Figs. 334-336. Variations in the final glia picture. Fig. 334, retained axis cylinders (darker lines) sur- | 
rounded by parallel coursing fine glia fibrils, Methyl-violet, x 200. Fig. 335, undulating lines of glia fibrils _ 
and thickened longitudinal vessels. Kulschitsky-Pal and picro-fuchsin, x 50. Fig. 336, sclerosed area with — 
numerous glia nuclei. Hematoxylin and eosine. x 200. j 


Pratt LXIX, 


Figs. 337-342. Low-power view of the evolution of an actual sclerotic area through stages similar to — 
those in previous plate. Longitudinal sections of the posterior columns of the spinal cord. Van Gieson’s — 
stain, x 70. Fig. 341, x50. Letters a-e, as in previous plate ; f=still myelinated nerve fibres; g=dense 
sclerotic tissue, 

Fig. 337. Commencing glia proliferation and fat granule cell formation, Note the rows of large proto- 
plasmic glia cells (fig. 379). . 

Fig. 338. Typical picture of “early” area in stage of so-called “fat granule cell myelitis.” 

Fig, 339. Increasing glia fibril formation, 

Fig, 340. Gradual condensation and removal of fat granule cells. 

Fig. 341. Advanced sclerosis with their complete removal. = 

Fig. 342, Complete sclerosis; tissue consists of longitudinally coursing glia fibrils, blood-vessels, and 
few persistent axis cylinders, 

Figs. 343-348, Evolution of an actual sclerotic area in the spinal cord through stages of increasing glia — 
hyperplasia. Transverse sections of the lateral columns, Note no fat granule cells are seen in any of these 
sections. a=glia nuclei; b=glia trabecule ; c=glia reticulum ; d=naked axis cylinders ; e = blood-vessel ; 


Fig. 343, x 80, and fig. 346, x 500. Commencing thickening of the glia trabecule and of the fine glia — 
reticulum. Van Gieson’s stain. 
Fig. 344, x 50, and fig. 347, x 150. Gradual condensation of this reticulum. Van Gieson’s stain. : 
Fig. 345, x 150. Condensation and almost fusion of the glia reticulum. Note the still preserved axis — 
cylinders and the enlarged glia cells. Cajal’s silver method. 
Fig. 348, x 200. Shows lesser and more advanced degrees of the increasing glia hyperplasia, t= 
transition zone. Cajal’s silver method. 


Puate LXX. 


Figs. 8349-354. Evolution of an actual sclerotic area (fig. 354) in the posterior columns of the spinal 
cord, through a stage of fat granule cell formation ; sections cut transversely to the direction of the nerve 
fibres (pp. 577-583). Qf. figs. 8-12. Heidenhain’s iron-hematoxylin stain. Figs. 349-351, x 370 ; figs. 
352-354, x 200. a=gliacells ; b=glia fibrils ; «fat granule cells ; d=axis cylinders ; e= “ Kielstreifen ” ; 


fibrils forming whorls. 
Fig. 349. Stage of glia cell proliferation and fat granule cell formation, 
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Fig. 350. Stage of so-called ‘‘ fat granule cell myelitis.” 

Fig. 351. Advancing glia fibril formation. 

Fig. 352. Fat granule cells collected in the adventitial sheaths of the vessels and gradually being drained 
away from the area. 

Fig. 353. Stage of advanced sclerosis; no fat granule cells but finely granular glia and retained axis 
cylinders. 

Figs. 355-356. Same evolution under low power. Small area in anterior third of posterior columns. 
Fig. 355, stage of advanced glia fibril formation. Van Gieson’s stain. x70. Fig. 356, stage of advanced 
sclerosis, Van Gieson’s stain. x 50. 

Fig. 357. H.P. of transition zone (¢) of area similar to that in previous figure (¢/. fig. 12). 

Figs. 358-360. Variations in the final glia picture of the above evolution ; transverse sections of the 
posterior columns of the cord. 

Fig. 358. Dense sclerotic tissue containing a few fat granule cells and numerous enlarged gliacells. 
Van Gieson’s stain. x 200. 

Fig. 359. Showing glia whorls and irregular glia fibril formation, Van Gieson’s stain. x 50. 

Fig. 360. Central ‘‘ Kielstreifen,” with numerous large glia cells and swollen axis cylinders in the dense 
sclerotic tissue on either side. 


PruatE LXXI. 


Figs. 361-366. Evolution of a sclerotic area (fig. 364) in the cerebral white matter, through a stage of 
fat granule cell formation ; nerve fibres cut mostly transversely (pp. 586-588). Cf. figs. 5 and 6. a=glia 
cells; b=glia fibrils; c=fat granule cells; d=axis cylinders; e=blood-vessels. Heidenhain’s iron- 
hematoxylin stain. 

Fig. 361, x 40; cf. fig. 5. Small “early” area with e=central blood-vessel ; ¢=transitional nucleated 
zone. 

Fig. 362, x60. Stage of commencing glia fibril formation and fat granule cell formation ; f= fig. 365, 

Fig. 363, x 60. Stage of advancing glia fibril formation ; f= fig. 366. 

Fig. 364, x 60. Stage of complete sclerosis—a dense tissue with very fine meshes. 

Fig. 365, x 300. H.P. of fig. 362 (/). 

Fig. 366, x 300. H.P. of fig. 363 (/). 

Figs. 367-369. Variations in the density of the final glia network. JIron-hematoxylin. Figs. 367, x 150, 
open network with a few persistent axis cylinders; figs. 368, x 150, denser network, especially around 
the capillaries ; fig. 369, x 80, numerous glia nuclei which form the nodal points from which radiate 
glia fibrils. 

Figs. 370-372. Evolution of a sclerotic area (fig. 372) in the cerebral white matter (medullary ray) ; 
nerve fibres cut longitudinally (p. 588). Heidenhain’s iron-hematoxylin. x 200. Note the persistence 
of the axis cylinders as swollen, homogeneous lines. 


Puate LXXII. 


Figs. 373-378. Sclerotic areas in special situations. Iron-hematoxylin. Fig. 373, x 70, in the middle 
cerebellar peduncle ; fig. 374, x 150, ditto, showing a more advanced glia fibril formation; fig. 375, x 200, 
in the hilum of the dentate nucleus; fig. 376, x 38, “early” peri-ventricular area; fig. 377, x 200, H.P. 
of previous figure ; fig. 378, x 150, area cutting across a medullary core of a cerebellar folia. 

Figs. 379-384. Types of glia cell changes; cf. figs. 391-396. Iron-hematoxylin. Fig. 379, x 500, in 
the posterior column of the spinal cord; rows of large, frequently multi-nucleated, protoplasmic glia cells ; 
fig. 380, x 600, in the cerebral white matter ; protoplasmic potential fibril-forming cells; fig. 381, x 200, 
in the cortex ; nests of small glia cells (a) surrounding the ghosts of ganglion cells; also (b) protoplasmic 
glia cells, 

Figs. 382-384. Evolution of glia fibrils from large protoplasmic glia cells. x 600. Note the definition 
of the borders of the protoplasmic processes (fig. 382), which can be followed throughout the concave border 
of two adjoining processes (fig. 383), and that the general outline of the fibrils corresponds at first to the 
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general outline of the borders of these processes (fig. 384). Such cells are found very abundantly in the 
cerebral white matter and in the deepest layer of the cortex. ; 


Puate LXXIII. 


Figs. 385-396. Changes in cortical areas. 
Fig. 385, x 60. Demyelination of cortex without any change in the cyto-architecture. 
Fig. 356, x 45. Demyelination of cortex with marked glia cell reaction in the transition zone and 
in the deep layers of the cortex. . 
Fig. 387, x 60. Ditto, Note the marked alteration in ie Betz cells ak Figs. 385-387, Vaal 
Gieson’s stain. a 
Fig. 388, x 80. Cortical and subcortical area with glia cell reaction in the deep layers of the cortex. ™ 
Fig. 389, x 200. Transition zone. a=glia cells ; c=fat granule cells. Be 
Fig. 390, x 200. Transition zone ; stage of advancing sclerosis. a@=glia nuclei; b=glia reticulum. — 
Figs. 391-396. Glia cell changes in the respective layers of the cortex ; ¢f. figs. 21 and 22. a=pro- 
liferated glia cells with numerous fibrils ; /=nests of small glia cells, around the ghosts of ganglion cells ; 
e=ganglion cells; d=persistent axis crinder e=blood-vessels. Note relation of the glia cell processes 
and fibrils to the capillary walls. 
Fig. 391, x 200, and fig. 394, x 600. In the polymorphous (deepest) layer. Methyl-violet. 
Fig. 392, x 200, and fig. 395, x 600. In the layer of the deep pyramids. Methyl-violet. 
Fig. 393, x 200. In the granular layer; nests of small glia cells around ganglion cells or replacing ng 
them. Hematoxylin and eosin. 
Fig. 394, x 400. In the layer of the large pyramids. Note ganglion cells (c) surrounded by nial 
satellite cells (7), whose protoplasm is filled with black-stained granules. Marchi method. Similar cells are 
found around the capillary vessels in this layer. . — 


i 


Puate LXXIV. 


Figs. 397-442. Low-power view of areas in myelin sheath and glia stains to show comparative 
negative and positive pictures. 
Fig. 397, x 40, and fig. 400, x 30. Areas in the central white matter showing absence of myelin. 
Fig. 398, x 60, and fig. 401, x 30. Similar areas to show presence of glia in the demyelinated tissue. 
Fig. 399, x 50. Very minute area in the central white matter showing slight demyelination. ; 
Fig. 402, x 200. Similar minute area to show the commencing enlargement. of the glia cells. @in n 
this area of slight demyelination, 
Figs. 403-405. Transition peripheral zones in areas in the central white matter to show the glia nuclea 
proliferation, Van Gieson’s stain. Fig. 403, x 40, an old area with zone of small glia cells (0) ; fig. 404, 
x 200, sclerosis still incomplete with large (a) and small (6) glia cells; fig. 405, x 60, wedge-shaped zone 
of small glia cells (0). : 
Figs. 406-408. Transition zones of advancing areas in the spinal cord to show the mode of degenera 
tion of the myelin. Frozen sections; Heidenhain’s iron-hematoxylin. Fig. 406, x 60, longitudinal 
myelinated fibres passing into an “ early” area ; fig. 407, x 300, similar fibres under H.P. to show the 
globules and droplets of myelin which take the hematoxylin stain ; fig. 408, x 300, similar nerve fibres 
in transverse section. : 


Puate LXXY. 


Figs. 409-419. Ganglion cell changes in the anterior horn of the spinal cord (except fig. 418) (pp. 
608). Figs. 409-413, changes probably not related to the sclerotic process, but to the accompanying want 01 
function, decubitus, ete. ; figs. 414-419, changes probably related to both processes. 

Fig. 409, x 40. Sea cells very atrophic, but rounded forms present with nucleus and chromop hile 
granules almost normal in structure and arrangement. Figs. 409-411, polychrome methylene blue. 

Fig. 410, x 80. Similar cells occurring in a demyelinated area. 2 
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Fig. 411, x 290. Cells in a demyelinated area showing chromatolysis and excentric nuclei. 

Figs. 412-413, x 75. Cells showing marked pigmentation both in myelinated and demyelinated 
Weigert’s myelin sheath stain. 

Fig. 414, x 275. Commencing reaction of the glia cells around a ganglion cell. Figs. 414-416, 
chrome methylene blue. : 

tig, 415, x 200. Atrophy and disappearance of ganglion cells with marked neuroglia cell reaction. 
‘Fig. 416, x 200. Similar to previous figure—occurring in the opposite anterior horn. 

- ig. 417, x 200. Ganglion cell, retaining its processes and chromophile structure, in the midst of 
tissue. Figs. 417-419, Heidenhain’s iron- hematoxylin. 

Fig. 419, x 150. Disappearance, atrophy, and rounding of cells in the hypoglossal nucleus, with 
ed glia cell reaction. ; 

Fig. 419, x 200. One rounded atrophic ganglion cell present in the midst of a dense glia network. 
Fig. 420, x 200. Ganglion cells in one of the posterior root ganglia related to a completely 
elinated area. Polychrome methylene blue. 


Prate LXXVI. 


Figs. 421-432. Changes related to the axis cylinders. 

a ig. 421, x 10. Intersection in the median raphe of the pons of persistent axis cylinders. Note the 

er staining of the still myelinated tissue on both sides (¢/. figs. 16, 17, 44, and 289). 

. 422, x 300. Persistent swollen axis cylinders in a medullary ray. 

g. 423, x 200, and fig. 424, x 50. Persistent axis cylinders continued as shadowy lines into the 

lerotic tissue ; longitudinal sections of cord. Figs. 421-424, Bielschowsky- Williamson silver method. 

s. 425 and 426, x 300. Granular disintegration of the axis cylinders in a sclerosing area. Hema- 

and eosin. 

gs. 427 and 428, x 200. Persistent swollen axis cylinders in cross section ; posterior columns of the 

Bielschowsky-Williamson silver method. 

gz. 429. Complete retention of axis cylinders ; longitudinal section of the cord. Figs. 429-432, Cajal’s 
hod. x 200. 


Puate LXXVII. 


_ Figs. 433-444, Sequence of changes in the blood-vessels (pp. 614-616) ; cf. figs. 18-15. 

Fig. 433. Area in longitudinal section Of the spinal cord showing capillary and transition vessels with 
fat granule cells (c) in their adventitia. Van Gieson’s stain. x 60. 
gs, 434-437. Blood-vessels in the cerebral white matter. Heidenhain’s iron-hematoxylin. x 200. 
4, vessel cut transversely (6) with fat granule cells (c) in its adventitial lymph spaces, and glia cell 
1 (a) in the surrounding tissue; fig. 435, x 200, similar vessel cut longitudinally ; fig. 436, x 400, 
previous figure to show the relation of the glia “Fuss” to the outer layers of the adventitia ; fig. 
75, vessel surrounded by concentric layers of glia fibrils. 
Fig. 438. Vessel in the posterior median fissure ; adventitial lymph spaces filled by fat granule cells 
have been drained from the surrounding sclerotic tissue. Van Gieson’s stain, x 250. 
g. 439 (cf. fig. 14). Transition vessel to show the cell content of the adventitia during the stage of 
ing sclerosis, Van Gieson’s stain, x 370. 
Fig. 440. Condensed “hyaline” vessel (a) with the outer layers (b) of its adventitia still separated. 
lessening cell content of the vessel wall. Iron-hematoxylin. x 360. 
‘Fig. 441, Similar vessels with the peri-vascular spaces (Oe) filled with a coagulum (a). Van 
on’s stain. x70. 
Fig. 442, x 60. Lateral columns of the spinal cord; radiating longitudinal thickened vessels (a). 
442-444, Kulschitsky-Pal with picro-fuchsin. 
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Fig. 443, x 50. Posterior columns of the spinal cord with similar vessels cut transversely (a) a ae 
longitudinally (0). 
Fig. 444, x 250. Optic nerve; connective-tissue septa and thickened vessels in longitudinal section, 


i. 


Puare LXXVIII. ° 


Figs. 445-450. Special features of the changes in the blood-vessels. “ 
Fig. 445. Cerebral white matter; small dilated capillary surrounded by a zone of shadow sclerosis, 
Kulschitsky-Pal with picro-fuchsin, x 25. a 
Fig. 446. Cerebral cortex ; two dilated and thickened small cortical vessels passing into a demyelinate ted 
area, Van Gieson’s stain. x 50. ot 
Fig. 447. Dilated vessels at posterior horn of lateral ventricle. Van Gieson’s stain. x 50. 
Fig. 448. Groups of vessels in a sclerotic area with very dilated peri-vascular tissue. Kulschitsky-Pal 
with picro-fuchsin. x 10. 
Fig. 449. Similar vessels in an area ‘of more advanced sclerosis. Van Gieson’s stain. x 30. 
Fig. 450. Similar vessels both within the area and in the adjoining tissue. Van Gieson’s stain. x 
Figs. 451-454 illustrate various features in the changes in the nerve roots. Kulschitsky-Pal \ 
picro-fuchsin. “ a 
Fig. 451, x 75. Rarefaction of the anterior nerve roots. 
Fig. 452, x 75. Normal nerve roots in the cauda equina. H.P. of next figure. 
Fig. 453, x6. Normal nerve roots surrounding a completely demyelinated fifth sacral sequent Q 
the cord. 
Fig. 454, x 6. Normal sciatic nerve in same case as previous figure. ‘ca 
Fig. 455. Ependymal proliferation in wall of lateral ventricle. Heidenhain’s iron-hematoxylin. xd 300 
Fig. 456. Normal glandular portion of the pituitary body. Hematoxylin and eosin. x 300, 


PRESENTED 
31 AUG.IS16 


' 


ol. lies 


Vi 


AE 


AT 


Jes 


Trals., Roy. Soc. Edinr. 


TED SCLEROSIS. 


NA 


MI 


Gy or Disssz 


TOLO 


S| 
x 


Dr Dawson—H1 


=P 


= ad 


———— 


ee 


Le, Roy. Soc. Edinr. Prats XLVI, Nola: 


Dr Dawson—Htsrotoay or Disseminatep Scuerosis. 


Ae Fg 
F » Sh eee 


d te 


Gan iT 


Tras., Roy. Soc. Edinr. Puate XLVI. 


I 
| 
i 
i 


Wolk 


Dr Dawson—Hisroiogy or DisseMinatED ScoiErosts. 


JE, AO), 


Trai, Roy. Soc. Edinr. Prate XLVITI. Tal. Ib 


Dr Dawson—Historoay or Disseminatep Screrosis. 


Fic. 


ioe) 
Oo 


=A 


FIG. 29, FIG. 3%. 


thos, Roy. Soc. Edinr. Prats X LIX. Vol we: 


Dr Dawson—Hisronogy or Dissemivatep ScLERosIs. 


| Fic. 34. EGG Fic. 30: Rees FIG, 41. 


| 


FIG. 44. Fic. 46. 


Fic. 45. FIG. 47. 


Tran, Roy. Soc. Edinr. Puate LI. Wolenlle 


Dr Dawson—Hisrtonoay or Dissemtnatep ScLERosIs, 


—- 


‘rans., Roy. Soc. Edinr. Prare 111. 


Dr Dawson.—Hisronoay or Drisseminatep Scrprosis. 


FIG. 90. 


Vol. L. 


Tihs., Roy. Soc. Edinr. Pruare LITL. Vole 


' 


Dr Dawsoyn.—Hisrotogy or Disseminarep Screrosis. 


Fic. 103—C, Fic. 109—D,, 


® 


FIG. 104—C, Fic. 110-—]), 
“4 %y ey 5 
f ~N\ ‘ 


JSG, Wiiit—D) 


Fic. 112—L, 


Fic. : Fic. 107—C, 


Tran} Roy. Soc. Edinr Prac Ialy, Wo allin 


Dr Dawson—Htsrotoagy or Dissemrvarep Scierosis. 


Fic. 114, me, Win. Fic. 116. Fic. 117. 


| 


HIG. 121, 


Tins., Roy. Soc. Edinr. Puate LV. Welt 


Dr Dawson—Htstrotogy or DisseminatTEep SCLEROSIS. 


Fic. 148—C, Fic. 152--Low D. 


Fic. 151—Mid. D. 


Tras., Roy. Soc. Edinr. Pruary LVI. Voll ole 


Dr Dawson—Hisrotoay or Disseminarep SciErRosis. 


Fic. 156. Fic. 157. 


Fic. 158. 


Fic. 163. 


Fic. 161. 


Fic. 160, Fic. 162, FIG. 165. 


Trés., Roy. Soc. Edinr. Pruare LVILI. 


Dr Dawson—Hisrtronoay or DIssEMINATED SCLEROSIS. 


> 


Fic. 166—C, 


: “i 


FIG. 175 


ip 


Voll: 


Tis, Roy. Soc. Edinr. 


Prats LVIII. 


Dr Dawsoy—Hisroroay or DisseminateD 


Fic. 199—L; 


SCLEROSIS. 


FIG, 201. 


Vol. 


b 


Tras., Roy. Soc. Edinr. Prats LIX. Vol. L. 


Dr Dawson—Historogy or Disseminatep Scrierosts. 


RNG 202. 


FIG, 207. 


Fic. 213—Mid D. 


= a ¥ i 


Fic. 214—Low D, Fic. 217—S, 


| Fic, 21 I—D, 


Tras., Roy. Soc. Edinr. Pruate LX. Voll: 


Dr Dawson—Htsronocy or Disseminarep Scuerosis. 


Fic. 218. 


ie 220. IMG, 222, Hinea224e 


is DZi—ID), iGs 2340. FIG. 237—S, 


G. 227, 


Fic. 239—S, 


., Roy. Soc. Edinr. Pron Xo Vole ai, 


Dr Dawson—Historoay or Disseminatep SciERosts 


2 Be 


Tras., Roy. Soc. Edinr. leavin bOI Vol. L 
Dr Daw 7 


TOLOGY OF DISSEMINATED SCLERO: 


sue) 


FIG, 261. FIG. 263. 


Fic. 262. FIG. 264. 


Tehs., Roy. Soc. Edinr. econ le oxelsele Voll: 


Dr Dawson—Hisrotogy or Dissemrnarep Scierosis. 


FIG. 265. Fic. 266. 


Fic. 268. 


iG. 277. 


Fic. 276. 


Tra}., Roy. Soc. Edinr. Pruate LXIV. Wolk Ib. 
| Dr Daws 


.—Htsronoay or Disseminatep Scuerosis. 


Fic, 278. 


Fic. 280. Fic. 282. 


Fic. 286. 


FIG. 287, 


Tran} Roy. Soc. Edinr. Pruare LXV. 
Dr Dawson—H 


OLOGY OF DISSEMINATED SCLEROSI 


ee 


Fic. 290. 


| - 
Fic. 298. FIG. 300. 


(GH Rass 


rans.20yal Soc. Edinr. 


FIG. 307. 


Prats LXVI. 


on—Histotoay or Diss 


Fic. 311. 


EMINATED SCLEROS 


FIG. 309. 


FIG. 312, 


Tras., Roy. Soc. Edinr. Prats LXVIT. Vol. L. 


Dr Dawson—Hisrorocy or Disseminated SciErRos 


: 
t 


Tran|, Roy. Soc. Edinr. Pratt LXVITI. Wolaull: 


Dr Dawson-—Histonogy or Disseminatep SCLEROSIS. 


ges 


Fic. 335. 


vans. Roy. Soc. Edinr. Pirate LXIX. Aral le 


Dr Dawson—Histrotoay or Disseminatep ScLerosis. 


‘Tras, Roy. Soc. Edinr, Prats LXX. Vale he 


| -Dr Dawson—Histotoay or Dissemimarep SCLEROSIS. 


Berrien. 
ae 


—— 


Wolk es 


=. 369. 


Fic 


DissemMinatep Scuprosis. 
FIG. 365. 


PA ea XOX I, 


Dr Dawson—Hisronoay or 


Roy. Soc. Edinr. 


Tran | 


Tran}, Roy. Soc. Edinr. Piate LX XII. Volw lt. 


Dr Dawson—Histonrogy or DisseminatTep ScLEROSIS, 


Trait, Roy. Soe. Edinr. Prare LX XIII. Vol. L. 


Dr Dawson—Hisrotoay or Disseminarep SCLEROSIS. 


, Roy. Soc. Edinr. Prats LXXIV. Vol. L. 
Dr Dawson 


Hisronocy or Disseminatep Scupros 


Fic. 406. 


Tras., Roy. Soc. Edinr. 


Fic. 412. 


Pian EXeX Vv. 


Dr Dawson—Histotocy or Disseminated Screrosts. 


FIG. 420. 


Vol. 


Tram, Roy. Soc. Edinr. Prars LX XVI. Vol. L. 


| Dr Dawson—Histonoay or Disseminated SCLEROSIS. 


» oat ver, ‘ 


; F alee, Kegt p 
. , fe UE y 
‘i one ji! , 


ghia Eee 


Nie 423. 


Fic. 


428. 


i 
Tra Roy. Soc. Edinr. Puare LXXVII. Nolen 


Dr Dawson—Hisrotocy or Dissemratrep SCLEROSIS, 


an Roy. Soc. Edinr. Pri TxXXOvVil Wolk dee 


Dr Dawson—Htsroroey or Disseminarep Scurrosts 


eo. 
ott 
e 


Ny 
Roe 


ay 


¥ 


SNP, ee eee 
hea AG: 


} 


The Transactions of the Royat Society or EpinpureH will in future be Sold at t 


following reduced Prices :— 


Price Price : Price Price 
Vol. to the to Vol. to the to Vol. 
' Public. | Fellows. Public. | Fellows. 
Hoh Ce Wes ; EI Ph, NES ach oe tes a. 
Wak OP SO Se OO etna TE GG) Us 3 ©) 2,,( XLIL. 2 eo 
VII. 018 0)0 15 0 of Pt. 2 2e2)) Olelsla0 oe XLITI. 2552 
VIII. OvLT 0) 0) 1470 a Pid 10m a VONiOl 9.6 Pic XLIV. Pt.1}1 18 
1B-& IDOL 0) Ol aeOily SKY 272 0/1/11 OFF - |. Pie i 
Xe Oe COCO) ARGS! ON OO- ce Veet ote Th pe PaO baits 0) XLV, Pt. 1 eS 
XI. 1014 6/012 0 op Pees e114 O18. 6 noo. Pt. 24 
XII. 014 6/012 0 A Je) pe AO TLL (0) 3 Lt. Sieaam 
XIII. 018 0/0 15 O Pied OO muon: O: oe Pt. 40am 
XIV. ib 1594 (OAS aa be) XXXVL IE TR ee OO 9) XLVI. Pt. alee 
XV. Tes O) | igsG. nO) ratcw ana. PegZiel Gee Gi ds ef U6 i Pt: ieee 
KEXP E 10) 18) SOHO ay 0: Pivod el 0) 40) NOG 0, sp abt. 3a 
XXII. Pt.2/010 010 7 6 XXXVIL Jeet is ebay | les By XLVIT, Pt. 10mg 
Se thas fel Rinais yee CO) Ha tart, 1] Re aC) 5 Jet IG TL en) May» (6) 5) et. 2) ela 
RV e060 0127 0 4 Per SinO) L6y OWOnto. 0 yuu, Pt, 3! pla 
Se Oo 0:0) A416 = i 0) sm Gi Omen 8 Pt. 4) ae 
» Pb4}1° 0 O1O 16 O},XXXVITE Pt 1\/2° 0 O1D 10 0} XVI Pia 
REV Ptde) Lb OW el a0) os TP) bese KOKO ISO) » Pt 2 
Smits elo) Oe KON eee eo re fives) ele kOe O) oluemonan O ;, . Pt. 3.0 ie 
Pee tistiro | Ol Sn) Ondlion wo Bs Pt OK am oOnoN 16 >». Pted | Ooies 
XXX Pi! 112 01 1-6 20 KART, Pt. Or rereigers (0 XLIX, Pt: BC 
Pe eta Ondo s0) Ole A PERO EO MON OM h AG de Pt. 2) 
MOOI MIE OIE 3.58 (0) A CA 3) WPI 0) 4s Pt. 3) Doom 
yah eb onl O al Gore cON) Oley, 0 s Tete Oe SO eo) % Pt. 4/1) ae 
Se etatoiO%; ies 10) (Ohad ea) QU Ari, IE ea) O) IY @) L,. Pt: lie 
eA O et ah 60% soyas se pb a LADD One Fo, 66 3 Pt. 2) 
XXXI. 424 LOTS oO ted LG Oi OU 9G > bt: 3 tae 
XXXII. Pt1);1 0°0/0 16 0 sy bs 4,10 DON On 1B 50 a3 tee 4\ 1 28 
- Pt. 2:/0.18 0/0 13 <6 NEE Ppl Es One ior rg | 
sy Pio Ope) Me lie Sombie (Lit so) OGL: Ae Ap 
ed PRO Be 0.05 0) Pe Bi 2 4b) Ol 13, 36 =| 


* Vol. XXXV, and those which follow, may be had in Numbers, each Number containing a complete Paj r 


foe, 


January 1916.—Volumes or parts of volumes not mentioned in the above list are not for the pr 
to the public. Fellows or others who may specially desire to obtain them must apply direct to the | 
the Society reprints from time to time parts of its ae ata which have become scarce, the absolute 
of this list cannot be guaranteed beyond ae date. fi 


The Paper published in this Part of the Transactions may be had on apnlienon to the F 


at the following prices :— * colt be 
{ bok 7. 


Price to Public. Price to Fellows. FG 
No. XVIII, . i : : 27s. 20s. “wee 


8 Be Dw os Fei 


TRANSACTIONS 


OF THE 


ROYAL SOCIETY OF EDINBURGH. 


VOLUME L, PART IV.—SESSION 1913-14. 


CONTENTS. 


Temperature Observations in Loch Earn. Part II. ahs E. M. hase D. Sc., and 
UA. W. Young, M.A., B.Sc., 


_ (Lssued Mode 13, 1915. ) 


On Hemonais laurentii, n. sp., a Representative of a little-known Genus of Naidide. By 
J. SrepHenson, D.Sc., VGN Esty of Zoology, Government edie Lahore. (Plate 
LXXIX), a : : : ; 


seu May 11, 1915.) 


On a Rule of Proportion observed in the Sete of certain Naidide. By J. STEPHENSON, 
o- M. B., D. Sc., Professor of Zoology, Government College, Lahore, : 


(Issued May 11, 1915.) 


1S - the Sexual Phase in certain of the Naididx, 1. The Anatomy of Sexual Individuals of 
the Genus Dero; with Remarks on Hexmonais. II. The Genital Organs in the Genus 
— Slavina. By iH StepHENSON, D.Sc., Professor of Zoology, Government College, 
: a Lahore. (Plate LX XX), : s : c : 

a  , (Issued May 11, 1915.) 


reological Observations in South Georgia. By D. F ERGUSON, Mem. Inst. M.E., F.R.G.S. 
_ Communicated by Professor J. W.Grecory, D.Sc., F.R.S. (Plates LXXXI-XCI), 


(Issued May 20, 1915.) 


the Geological Relations and Some Fossils of South Georg ae By J. W. Grecory, D.Sce., 
E.RS. (Plates XCII-XCII1), . : : : S 


(Issued May 20, 1915. ) 


i 


_ Mineralogy and Petrology, University of Glasgow. (Plate XCIV), 
(Issued May 20, 1915.) 


i ‘The Anatomy and Affinity of Deparia Moorei, Hook. By Joun M‘Lean Tuompson, M.A., 
B.Sc., Glasgow University. Communicated by Professor BowEr. (Plates XCV-XCVII) 


(Issued May 22, 1915.) 


Morphology and Mathematics. By D’Arcy WentwortH THoMpson, 
(Issued June 22, 1915.) 


The Poisoned Arrows of the Abors and Mishmis of North-East India, and the Composition 
~~ and Action of their Poisons. By Sir Tuomas R. Frasgr, M.D., F.R.S., Professor of 
____- Materia Medica and Therapeutics in the University of Edinburgh. (Plates XCVIII-C), 


(Issued August 24, 1915.) 


| EDINBURGH: 
- PUBLISHED BY ROBERT GRANT & SON, 107 PRINCES STREET, 


“MDCCCCXVI. 
Price Twenty-two Shillings. 


The Petrology of South Georgia. By G. W. Tyrrun, A.R.C.Sc., F.G.S., Lecturer in 


WILLIAMS & NORGATE, 14 HENRIETTA STREET. COVENT GARDEN, LONDON. 


769 


783 


789 


797 


817 


823 


837 


931 


ui 


(72) 


_XIX.—Temperature Observations in Loch Earn. Part II]. By E. M. Wedderburn, 
D.Sc., and A. W. Young, M.A., B.Se. 


(Read July 6, 1914. MS. received October 6, 1914. Issued separately April 13, 1915.) 


INTRODUCTORY. 


The observations which were made in Loch Earn during August 1911 and 
described in the Trans. Roy. Soc. Edin., vol. xlvii, p. 629, demonstrated that in that 
loch there was during autumn a fairly definite temperature or density discon- 
tinuity, and suggested that the loch was a peculiarly suitable one in which to 


_ observe in greater detail the boundary waves occurring at the discontinuity. The 


previous investigation had for its main purpose the demonstration of the existence 
of standing oscillations at the discontinuity, and in that was entirely successful. The 
observations showed, however, that in addition to the primary standing oscillations 
there were other less regular movements about which the observations gave little 
information, as they were not made at sufficiently close intervals of time. 
The current observations which were made in 1911 gave a disappointingly small 
~ amount of information, and it was hoped that with improved methods of observation 
the nature of the boundary changes which occur would be more evident. 


PLAN OF THE INVESTIGATION. 


A considerable grant from the Sir John Jackson Tait Memorial Fund of the 
_ University of Edinburgh made possible an extensive investigation and the employ- 
ment of new instruments. We were fortunate in securing the collaboration of a 
number of those engaged in the previous investigation in Loch Karn, who were 
therefore experienced in the work required of them. In addition to the authors, 
Messrs T. G. Ironsipz, M.A., B.Sc., W. G. M‘Ewen, M.A., and A. J. Ross, M.A., 
were engaged in observing during the whole of the period of observation, and 
assistance was given for part of the time by the following, viz.: Messrs Jamus 
CuumMLEY, Wm. Gitton, M.A., B.Sc., W. Jarpine, M.A., B.Sc., R. M'Catium, 
J. Mackie, M.A., B.Sc., W. R. M‘Lennan, A. S. Tennant, M.A., I E. pe Warts- 
vittE, M.A. To all of these gentlemen cordial thanks are due for enthusiastic assist- 
ance ungrudgingly given. 

It was decided to concentrate the work at the Lochearnhead end of the: loch. 
To make observations at several points on the scale attempted at Lochearnhead 
would have been impossible, and it was thought that with the instruments which 
were available numerous observations at two points about half a mile apart at the 
end of the loch would yield most information. 
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A new type of thermograph and a current-meter designed to measure vertical as 
well as horizontal currents were employed. 

Thermograph.—TIwo forms of recording thermometers have hitherto been used 
for measuring temperatures at considerable depths below the surface of water. 
(1) A platinum * thermometer with Callendar recorder was used in Loch Ness with 
some success, but it was out of the question to use so elaborate a means of measure- 
ment for observations limited in duration to one month, partly on account of expense, 
and partly on account of the time which would have been required to put the 
instrument in proper adjustment. (2) Dr F. M. Exner used an ordinary Richard 
thermograph in the Wolfgangsee.t The whole instrument was protected from the 
action of water by being enclosed in a heavy water-tight metal box, and was 
accordingly very sluggish and quite unsuitable for the observation of rapid 
temperature changes. 

The new thermograph consisted of the usual form of metallic thermometer 
supplied by Messrs SHort & Mason for use in air, with a special clock and recording 
gear supplied and largely designed by Messrs J. Rircu1e & Sons, Edinburgh. The 
registering portion of the thermograph was not protected from the water in any 
way, and therefore the lag of the instrument was negligible. The arm of the 
thermograph was made to press against the recording drum at intervals of 4 min., 
1 min., 2 min., or 4 min., according as the drum was made to revolve in 3, 6, 12, or 
24 hours. A prick-mark on the drum registered the temperature at the moment - 
of contact, and the distance between successive prick-marks was ‘05 inch or 
1°27 mm. On the drum was placed a sheet of fine millboard, as Mr Rrrcnie found 
this to be most suitable after numerous experiments with waxed papers and other 
substances. Interposed between the metal drum and the millboard was a rubber 
sheet, and when the instrument was in proper adjustment an excellent record was 
obtained. The records were taken on plain unruled paper, and for the purpose of 
reading them a scale was drawn on tracing paper, after the style of an ordinary 
printed thermograph record form, with parallel lines for each degree Cent., and 
parallel arcs of circles marking intervals of time. With this scale the temperature 
could be read to within ‘1° C. 

The recording drum was an ingenious arrangement designed by Mr James RircHig. 
The clockwork which drove the drum and pressed the arm of the thermograph against 
it was encased in a water-tight metal box, and water-tight metal screw plugs gave 
access for winding the clockwork and for altering the rate of the drum. The drum 
was driven by a rocking movement which, while pressing the thermograph arm 
against it, gave the drum a forward impulse, so that the drum moved round in a 
series of jerks given periodically. The junction between the clockwork and the 
mechanism which gave the impulse to the thermograph arm and drum was made 


* “The Temperature of the Fresh-water Lochs of Scotland,” Trans. Roy. Soc. Hdan., vol. xlv, p. 410. 
+ Sitzber. der K. Akad. d. Wiss. in Wien, math.-nuat. Kl., Abt. ii a, January and December 1908. 
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water-tight by means of a rubber sleeve connecting the projecting part of the 
clockwork to the water-tight case. The arrangement may be understood from a 
study of the photograph in fig. 1. 

At the commencement some difficulty was experienced in making the clock case 
water-tight. his difficulty was overcome by cementing the large joints with marine 
glue, but the admission of water had allowed some of the clock parts to rust, which 
caused an unfortunate stoppage at a rather critical time. On the whole, however, 
the instrument worked well, and, with the experience gained in its manufacture, it 
will be possible to design a reliable thermograph for the measurement of temperature 
under water. 


Fic. 1.—Thermograph, 


The instrument was calibrated in the Physical Laboratory of the University of 
Edinburgh by Mr Youne and Mr M‘Ewen by immersion in a water bath. A 
difference in temperature of 1° C. caused a scale deflection of 3°4 mm. An instrument 
with a more open scale would have been an advantage, but the thermograph used 
had been designed for ordinary atmospheric work. As it-was, some extremely 
interesting records were obtained and will be referred to later. 

Current-Meter.—The current-meter referred to was of a completely new design, 
and was constructed by Mr A. H. Barrp from drawings prepared by him on sugges- 
tions and directions given by Mr Wepprersurn. Current-meters hitherto in use 
have only been capable of recording the horizontal component of currents, and for 
most purposes, e.g. the measurement of the flow of rivers and the strength of tidal 
currents in the ocean, this is sufficient. The currents in inland lakes are so slow 
that the usual type of current-meter is not suitable. Moreover, it was suspected that 
at least towards the end of lakes currents would have appreciable vertical components, 
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and it was desired to have an instrument to measure these. The requirements 
of such an instrument were that it should measure (1) the horizontal component, 
(2) the vertical component, (3) the direction, and (4) the strength of the current. 
As previous experience had shown that currents in lakes varied rapidly in direction 
and in strength, it was thought best to have an instrument which would record these 
four factors at any point of time, in preference to an instrument which would give 
an average over a considerable time. It was accordingly decided to measure the 
strength of the current by the angle through which it caused a propeller to revolve, 
the propeller being kept in tension by a spring similar to the balance spring of a 
watch. The propeller was mounted in gymbals and was therefore free to move 
in any direction, and was kept directed towards the current by means of two sets 
of vanes at right angles to each other—one set of vanes being acted on by the 
vertical component of the current and the other by the horizontal component. 
When an observation was to be made, the current-meter was suspended from the 
boat at the desired depth by a bifilar suspension, so that the zero position of the 
vanes was known. By a series of trigger arrangements released by a messenger 
weight, the vanes and the propeller were clamped in the position which the current 
caused them to take up, and when the instrument was brought to the surface the 
directions and strength of the current could be read off from scales attached to 
the instrument. 

Numerous experiments were made to determine the most suitable form of vanes, 
and ultimately the type adopted consisted of two vanes at right angles to each 
other, forming a cross, with a third vane at right angles to these at some distance 
from the propeller. One of the vanes was attached to the propeller so as to be in the 
same plane as the axis of the propeller, and the centre portion of this vane was 
cut away. Subsidiary vanes were also attached to that portion of the gymbals 
which was free to move about a vertical axis, and these made the instrument more 
sensitive to the horizontal component of the currents. A fixed propeller with its 
vanes inclined in the opposite direction to those of the pivoted propeller was placed 
alongside the latter to counterbalance the torsion which would otherwise have been 
exerted on the instrument by currents. 

The instrument was carefully adjusted by means of counterpoise weights so that 
when immersed in water the vanes would remain in whatever position they were 
placed. Wooden floats were attached to the movable parts of the instruments to 
reduce their weight in water and the consequent friction on the bearings. The 
gymbals were set in phosphor-bronze ball bearings. The bearings of the propeller 
were phosphor-bronze points on agates. The spring which kept the propeller in 
tension consisted* of a steel clock mainspring heavily silvered to prevent rust. <A 
general idea of the instrument may be gathered from the photograph forming fig. 2. 

The calibration of the instrument was, through the courtesy of Professor Hupson 
Beare, carried out in the Engineering Laboratory of the University of Edinburgh — 
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by Mr Younec, Mr IRonsipE, and Mr M‘Ewen. The propeller was towed at as 
uniform a rate as possible across a water tank, and the deflection corresponding 
to a definite rate was noted. The calibration was attended with considerable 
difficulty, as no means were available for towing the propeller through the water 
at a rate which would remain constant for any length of time. Fig. 3 gives the 
result of the calibration, and it will be seen that even for currents of 1 cm. per sec. 
considerable accuracy may be expected. This compares very favourably with the 
j accuracy of the Ekman meters at our disposal, which could not be relied on to record 
- satisfactorily currents of less than 3 cms. per sec. 

The experimental tank was not sufficiently large to admit of the determination 


Fic. 2.—Current- Meter. 


of the directing power of the vanes, but from repeated observation of the instrument 
in use it is thought that when in proper adjustment the directions registered for a 
current of the strength of 1 cm. per second were accurate to within +10°. The 
wooden floats which have been already referred to were a temporary expedient, and, 
though heavily varnished, gradually altered in density during their immersion in 

water. This altered the disposition of density in the instrument, and necessitated 
constant adjustment of the counterpoises. This defect could easily be remedied in 
any subsequent instrument. 

Experience, however, showed that the current-meter, with its gymbal bearings 
and large vanes, was rather unwieldy and sluggish. The adjustment of the vanes 
for registering vertical currents was a constant difficulty, and the instrument was 
not always certain in its action. The measurement of the strength of the current 
by the deflection of a spring propeller was quite successful, and this method would 

certainly be used if further measurements were to be made. It would be possible to 


746 DR E. M. WEDDERBURN AND MR A. W. YOUNG ON 


dispense with directing vanes altogether by having three sets of spring propellers 
set in three planes in directions at right angles to one another. The movable parts 
of such an instrument could be made quite light and of small momentum. The 
whole instrument would be compact and easy to handle, and probably more reliable 
in its action than an instrument depending on the movement of heavy vanes. 

The thermograph and the current-meter each weighed about 50 lbs. in water. 
Owing to their weight and size it was not practicable to use them from a single 
rowing boat. A raft was constructed by mooring two boats side by side, but four 
feet apart, and fixing over them a framework from which the instruments could 


Fie. 3.—Calibration of Current-Meter. 


be suspended. For ease in handling, both the large instruments were balanced 
by counterpoise weights. For measuring the depths to which the instruments 
were lowered measuring pulleys of $-metre circumference, made by the late Mr A. 
FRAZER, were used. 

A general idea of the whole arrangement may be gathered from the photographs 
forming fig. 4, the upper of which shows the thermograph and current-meter 
in position for lowering to any desired depth. 

Six ordinary reversing deep-sea thermometers were used, two of which were lent 
by the late Sir Joun Murray, K.C.B., and one by Dr W. 8. Bruce. All the instru- 
ments were carefully compared with a thermometer for which a Kew certificate had 
been obtained, and corrections were applied. The observations were made to the 
nearest twentieth of a degree C. 
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The raft was moored at the head of the loch by means of four anchors (one at each 
corner) in 30 metres of water, and another boat was moored at a distance of 650 metres 
down the loch in 45 metres of water, for making simultaneous observations. The 
positions of these two stations are shown on the map of the loch in fig. 5. Their 
‘positions were obtained by means of cross bearings. 


Fic. 4. 


THERMOGRAPH OBSERVATIONS. 


As only one thermograph was available it was impossible by means of it alone to 
follow the different temperature changes, and for this purpose observations with 
mercury thermometers were relied on. The thermograph was used principally to 
record in the neighbourhood of the discontinuity where it was anticipated rapid 
variations of temperature would occur—for apart from the standing oscillations at 
the surface of discontinuity there were certain to be at times slow-travelling waves 
caused by local depressions in the upper layer. 
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Fig. 6 contains examples of some thermograph records. For purposes of re- 
production the prick marks of the record were inked over, then traced and 
photographed. 


THERMOCRAPH RECORDS 


LOCHEARNHEAD Aucust 1913 
- fi ‘No. I. AucusT 4-5. DepTH; 12 NETRES, 24-Hour Daun, 
. No.2. Aucusr 8-9. DeptH: 10 METRES. 24-HouR Daum. 


23. AucusT 9-10, DepTH; 15 METRES. 24-nourR Daum. 
ooo 
Nag. Aucust (0-Il. DeptH. 15 METRES, 2¢-HouR Daum. oo ee, - 
No.5. AvcusT 12. DerpTm 10 METRES, 6-nour Daun, OeprTH: 13 METRES 
} ’ Nob Aucusr 13-I. Depru: 10 MeTREs, 2¢-woua Daun. 
; No.7. Aucust (5-16. DeprtH, 10 METRES. 24-nour Drum. 
“ 
Nog. AvcusT 17-18, DEPTH, (0 METRES. 24-nour Drum. 
i No.9. Aucusr (8-19. DEPTH. 10 METRES. 24HouR DRun. 
Nol0. AucusT 25-26. DEPTH: 15 METRES. 24¢-HovuR Drum. 
. ° iP 10° 1° 20° 
h j TEMPERATURE SCALE 
' i TIME ~ CALES: i eC Daum, = " 5 10 * a Aa vi Aa 16 17 18 19 20 21 2 23 24 
i 2 3 4 5 3 


6-wour Daum 


Fie. 6. 


_ the variations in temperature at a given point which may be due to oscillations of 
the isotherms. If, however, the vertical temperature distribution during the period 
of the record is known approximately, some idea of the amplitude of the oscillation 
may be gained. 

1. Record at 12 metres for 24 hours commencing 19 h. 31m. on 4th August. This 
shows a slight oscillation, with a maximum about 23 h. on 4th August and a second 
~ maximum about 10 hours later. The total variation in temperature does not exceed 


2° C., but there are now and again rapid changes, showing that the temperature has 
TRANS. ROY. SOC. EDIN., VOL. L, PART IV (NO. 19). 103 
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changed by as much as a third of a degree in the interval between successive pricks, 
v.e. 4 minutes. 

2. Record at 10 metres for 24 hours commencing 19 h. 8 m. on 8th August. 
About 4 hours after the beginning of this record there is a rapid rise in temperature 
caused by the discontinuity passing across the 10-metre depth. It is seen that there 
is a change of about 4° C. in an hour anda half. Although the change is not perfectly 
uniform, there is little evidence of rapid movements such as would result from 
boundary waves at the surface of discontinuity, and it must be assumed that none 
such occurred in this instance. 

3. Record at 15 metres for 24 hours commencing 18 h. 21 m. on 9th August. 
The rise in temperature shown about three hours after the beginning of the record 
is probably due to an easterly wind depressing the isotherms at the west end of 
the loch. 

4. Record for 24 hours commencing 18 h. 36 m. on 10th August. The first part 
of this record was made at a depth of 15 metres, and shows a uniformity which is 
markedly absent in the latter part of the record, when the instrument was raised to 
10 metres, and was in the discontinuity layer. The presence of boundary waves is 
well shown in this record. 

5. Record for 6 hours commencing at 12h. 54 m. on 12th August. The first 
part of this record was made at a depth of 10 metres. A train of boundary waves 
has evidently occurred about 3 hours after the commencement of the observation, and 
it is clear that the interval of 1 minute between successive pricks has been too long 
to pick up all the variations. The last part of the record is taken at a depth of 
13 metres. . 

6. Record at 10 metres for 24 hours commencing at 16 h. 38 m. on 13th 
August. This record shows very clearly the passage of the discontinuity past the 
instrument, and there is distinct evidence of boundary waves in the upper part of the 
layer of discontinuity with a period of about 11 minutes. The observations with 
mercury thermometers for the same period are shown in fig. 8, and will be 
explained later. 

7. Record at 10 metres for 24 hours commencing at 16 h. 40 m. on 15th August. 
This record shows about 10 hours after the commencement the rise of the isotherms 
past the instrument, and about 10 hours later their much more gradual fall, and the 
usual embroideries are present. About 2 hours after the commencement there has 
been a sharp drop in temperature, which may have been due to a solitary boundary 
wave, or to a bore such as was described in the “ Experimental Investigation of the 
Temperature Changes occurring in Fresh-water Lochs,’ Proc. Roy. Soc. Edin., 
vol. xxviii, p. 2. 

8. Record at 10 metres for 24 hours commencing at 17 h. 0 m. on 17th August. 
This record also shows an oscillation with a period of about 10 hours, and embroideries 
with a period of about 25 minutes. 
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_ 9. Record at 10 metres for 24 hours commencing at 18h. 5 m. on 18th August. 
This record shows that a well-marked seiche is in progress, but the smaller 
_ embroideries are not so much in evidence as might have been expected. The 
variation of temperature in this record is about 5’6° C., and is approximately from 
— 15°6° C. to 10°C. No observations with mercury thermometers are available either 
on 18th or 19th August at the hour when the large changes are shown on the 
- thermograph. 

10. Record at 15 metres for 24 hours commencing at 15 h. 5 m. on 25th August. 
The observations with mercury thermometers for the same period are shown in 
fig. 10, and will be explained later. Attention may be drawn to the uniformity of 
the curves above and below the discontinuity, and the small embroideries which 
_ appear while the discontinuity is passing the instrument. 


CURRENT OBSERVATIONS. 
In addition to the observations made with the new current-meter, a number of 
_ observations were made with Ekman current-meters, of which two were available. 
With the exception of a solitary observation near the surface on 12th August, 
22nd August was the only date on which currents of 2 cms. per sec. were recorded. 
On 22nd August a steady westerly wind was blowing all day, force 6-7 on the 
Beaufort scale, and, as the occasion seemed particularly favourable for the formation 


of currents, a large number of observations were made. 


5m. 


/0m 


15m. 


Ith. Sh. 6 ; 18h, 
22nd August 1913. 


Fie. 7. 
Fig. 7 illustrates the temperature conditions on this date. It represents the 
depth at which the isotherms for 8°5°, 9°, 10°, and 11° C. occurred during the day. 
The surface temperature varied from about 10° to 11°C., which was very low, 
indicating that owing to the action of the westerly wind the warm surface waters 
had been accumulated at the other end of the loch. On 20th August the surface 
temperature at Lochearnhead was over 15° C. 
The following table gives all the observations made by means of the Ekman 
meters on 22nd August. A number prefixed to a direction indicates that there were 
_ two determinations of that direction, e.g. 28 80 W means that the current-meter twice 
during the observation indicated a current of S. 80° W. 
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TABLE I. 


OBSERVATIONS witH Exman Mrrers on 22np Avucust 1913. 


Hour of |Duration of ethene Velocity 
Commence- |Observation a . Direction Indications. in cms. 
: 3 etres, 
ment. |in Minutes. per sec. 
h m 
10 26 27 10 28 80 E 17 
11 6 23 5 ae 9 
iil Vs 12 15 1S30E; 2840E; 1S60E; INIOE; 1N20E; (ll 
1N20W; 1N30W 
LD 34/ 24 5 2N70W; 4N60W;1N50W;2S60W; 1S50W 18 
ll 44 14 15 1S40E; 1S70E; 1N30E; 1N40E 3°9 
Wak, 37 19 4 1S840W; 1N20W 4:7 
12. 6 10 10 dat 4:3 
12) 20 10 6 1S 20 W 2°4 
23 11 10 INZOE; 2S50E; 1S30E; 1S20E 6°58 
iy et 23 8 1S820W; 1S60E; 1N80E 2-9 
12 40 9 20 det 7 
118} 160 20 IN20W; 2N40W; 3N50W; 1S70W; 1840 W 6:2 
lgy~ 3} 127 10 1840W; 1S380E; 2S40E; 2S50E; 2S70E; 3°7 
IN50E 
illsy Al 33 20 IN30W; 3N20E; 1E 2°5 
ls sil 24 20 I1N30E; 1N40E; 1N40E; 1S50E 4-5 
IG Bs 6 0 ve 4-9 
16 25 6 2 1S60W; 1S80W 4°6 
16 34 6 10 riots 1:9 
ot 5 5 16 
16 43 5 20 2 
x 5 15 ar 7 
16 52 6 28 IN50E; 1N80E 5-5 
: 6 25 1S50E 3°9 
ily 4! 35 20 1830W; 1S40E; 1S50E; 1N50E; 1N60E; 3°4 
IN70H 

35 15 INI1OE; 1N20E; 1N 30W 2:2 


The new current-meter was difficult to use in stormy weather on account of its 
size, and unfortunately was slightly damaged by a wave on the morning of the 22nd. 
It was not in proper adjustment until the afternoon in consequence of this. 

The observations made with it are given in the following table :— 


TABLE II. 
OBSERVATIONS with NEw CurRRENT-METER ON 22nd Avucusr 1913. 
H Depth in Horizontal Vertical * Velocity in 
our. 5 
Metres. Component. Component. cms. per sec. 
hemes 
isp 15 N. 49° E. — 14° 2°8 
Lone22, 20 N. 17° E. — AT” 2°4 
16 10 5 N. 54° W. on 4°3 
16 26 15 S. 73° W. — 16° D 
16 34 10 N. 18° W. — 112° 2°5 
i 0 4 S. 60° W. — 26° 5 
17 «645 5 N. 70° W. = 6° 5:2 


* ° indicates a horizontal current. The negative sign indicates a downward current and the positive sign an 
upward current. 
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For the purpose of comparing the two kinds of current-meters the observations 
at 20 metres about 15 h. 20 m. are useful. The Ekman meters indicate a current 
mainly from the north-east of 2°5 cms., and the new meter also gives a north-easterly 
current with a velocity of 2°8 cms. This observation indicates that the observations 
with the new meter are comparable to those made with the Ekman meters. 

The most interesting of the observations is that at 20 metres commencing at 
13 h., which gave a velocity of 6:2 cms. The directions of the currents were mainly 
westerly, 7.e. in the same direction as the wind. No temperature observations are 


TABLE III. 
OBSERVATIONS with New Current-MErTER. 
3 Depth : Vertical |Velocit Depth : Vertical] Velocity 
| Date. | Hour.| in a Phas Com- | in eke Date. | Hour. 7 is a Com- | in cms. 
Metresi) ponent. | per sec. Metres,| ?°m™Ponen” ponent. | per sec. 
7 | h m h m 
| 5/8/13|18 > 0 8 N. 41 E. 6 2-2 $14/8/13}20 5) 3 N. 83 E. 9 3°5 
| 6/8/13 10 15} 10 S. 37 E. 0 2:2 90 25) 5 E. — 8 2°5 
10 40; 15 N. 80 W. 0 2:3 19/8/13} 11 45 5) S. 75 EH. -27 3:0 
iv 12 20 15 N. 12 E. — 3 2°8 LZ OH 2 N. 20 W. 12 2°5 
Coal 17 20 5 S. 65 W. 90 Ue 14 38 5) N. 88 W.| -12 4°] 
7/8/13|12 30, 15 N. 84 E. 86 2-9 20/8/13;13 2) 4 S14: 2 222: 
11/8/13|18 50; 10 N. 85 W. | —67 2°8 13455) 110 S. 18 E. —A4 59 
. 19 30; 10 N. 46 E. — 82 2°5 14 18} 10 S. 38 E. = ih 4:0 
ie 22° 5 3 N. 17 E. — 64 2D eh Bi) 12 N. 78 E. = 4 3°6 
13/8/13|11 25} 10 We DF 18, | = 2 3°1 utsyuns od ts) S. 66 E. 2 2°5 
13 40} 20 S. 42 E. - 3 5-2 125/8/13|15 20| 10 N. 66E. | - 4 4-4 
14/8/13; 1 7} 10 8S. 18 E. = 8 2°8 16 10} 12 S. 43 E. — 4 22, 
1 45 5 N. 76 E. —10 55 |26/8/13| 15 45) 10 N. 28 W.| - 14 2-4 
2 10 3 S. 70 E. -10 4:0 16 0, 14:55 | N.55 W.! -—16 a3 
3 10 5 N. 48 E. — 22 31 |29/8/13}12 55) 15 S. 86 W. | — 47 Di 
Bi. 4 25 5 IN. 12: E. 2 2°8 13” 5) 10 N. 59 W. | - 22 3°6 
\is 4 35 5 N. 12 E. 6 371 13.25) 10 N. 82 W.| - 22 3:7 
5 0 3 N. 12 E. - 8 371 18 10} 18 N. 60 W. |} —18 3°0 
5) 8 2 N. 34 E. = ¥ 2-4 18 50; 10 N. 87 W.| -40 2°4 
19 55 7 N, 81 E. 64 4°8 IQ Ol & N. 1 W. - 26 By) 
19 10} 2 S. 85 E. -15 35) 


~ available during the period of this observation, but it is evident that there has been 
a disturbance of some sort in the level of the isotherms, and it is likely that the 
relatively large velocity is due to the passage of a boundary wave or bore. Another 
example of strong currents associated with considerable temperature changes will be 
referred to later. 
Above 8 metres the currents are entirely in a westerly direction, from which it 
may be deduced that they are caused by the action of the wind. Below this depth 
there is great variation of direction, but the currents are mainly easterly, indicating 
that they are of the nature of return currents. 
The above table contains all the observations made with the new current- 
meter where the velocities of the current exceeded 2 cms. per second, except those on 
22nd August. Of the 41 observations there given, 22 show currents in which the 
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vertical component is £10° or less, 28 in which the vertical component is less than 
+20°, and 33 in which it is less than +30°. No means were available of testing the 
zero of the scale for measuring the vertical components, and it may be that there was 
a considerable zero error; but it is thought that the error in the observations could 
not exceed +30°. 

Excluding observations which do not show a vertical component of more than 
+30°, and including one observation on 22nd August, there are only nine occasions 
on which a distinct vertical component was observed, out of a total of 179 observa- 
tions, viz. :— 


m °o 
6th August 17 20- 5 metres + 90 2°2 cms. 


7th ,, 12 30=15- 4 86. 9.00. 
thoes. 1S!) 50. 10m an toy oe 
ae WN £9. °'30 =10uie np eG toe 
a OF) 65 237 al AG Way p99 see 
Mth ,, 19° 6527, - her oboe 
22nd, ip 222000. 7 fone 
29th ,, 19) 5505" Ae ora 

18) 50200 . 5240005 oe 


Considering, first, the observations which show an upward current, the tempera- 
ture observations on 6th and 7th August are not such as to suggest an explanation, 
save that at about the time of the observation there was a slight upward movement 
of the isotherms. On 14th August the upward current is so well marked that it 
can hardly be supposed that the record is due to instrumental error; and yet the 
occasion is eminently one on which a downward current might have been predicted. 
For at the time of observation the discontinuity was in process of making a very 
rapid descent, as is seen in fig. 8. The observation was made at a depth of 7 
metres, whereas the depth of the discontinuity was at least 10 metres, and the only 
suggestion one can offer is that the rapid descent of the discontinuity caused eddies 
in all directions. 

Turning to the downward currents on 11th August. There had been easterly 
winds all day, and these became stronger about 18h. The discontinuity was well 
below 10 metres, and the thermograph which was recording at this depth showed 
uniformity of temperature. There seems little reason to doubt but that the observa- 
tions show a steady downward motion of the water at the lee end of the loch, prior 
to the formation of the return current. 

The downward current on the 29th is also easily explained by the fact that a 
strong easterly wind was blowing on that date, and reference to fig. 10 will show 
that the isotherms were rapidly falling. The horizontal component of the currents 
was mainly westerly, indicating that the observation was made within the return 
current. The return current seems to have been very near the surface. The observa- 
tion at 2 metres shows an easterly current directly due to the wind, but at 5 metres 
the current is from the north, as if the return current was beginning to form. 
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| The most interesting current observations are those made early on the morning 
of 14th August. The first indication of a current was obtained from the manner in 
which the wire to which a thermometer was attached bellied out. Observations 
with the current-meter were at once commenced, and strong easterly currents which 
were practically horizontal were found at depths down to 10 metres. Observations 
below that depth were also made, and showed either slow currents or none at all. 
The currents were well marked for about four hours, after which they seemed 
suddenly to cease. 
; During this time the loch was dead calm, and a surface current could hardly be 
detected. About 20h. on the evening of the same day strong currents were also 
found from the east near the surface, and again at this hour there was a sudden fall 
in the isotherms. 
From the observations it may be concluded that at the windward end of a 
‘Toch the currents produced by even moderately strong winds have not a large 
vertical component, but that at the lee end there is quite a considerable vertical 
component. We may also conclude that near the end of a loch, when owing to the 
"presence of a temperature seiche or other causes the isotherms are rising or falling 
rapidly, the vertical component of the currents so produced may be considerable, 
and that rapid movements of the isotherms produce eddies or vortices. In general, 
however, it must be said that the vertical component of loch currents is not con- 
siderable. 
OBSERVATIONS WITH Mercury THERMOMETERS. 

A large number of observations was made with ordinary reversing thermometers 
at each of the two anchored boats, and on various occasions observations were made 
fi ‘om boats anchored at intermediate points. The observations made at the beginning 
of the month were of a preliminary character to determine the temperature distribu- 
tion and the nature of the changes in progress, but it was found that to be of any 
service observations would require to be made simultaneously for a longer period than 
12hours. Accordingly, from 10h. on 13th August until 21 h. on 15th August observa- 
_ tions were carried on at each of the two boats. Two thermometers were employed 
on each boat, and about 20 observations were made each hour. 
From the observations so obtained curves were drawn showing the time variation 
in temperature at various depths; from this curve a second curve showing the 
oscillations in the level of various isotherms. Figs. 8 and 9 show the isotherms 
for 10°, 12°, and 14° at each of the stations. 
_ Prior to the commencement of the observations on 11th and 12th August there 
were variable winds and calms. On the morning of the 13th it was calm; a 
moderate westerly wind sprang up about 11 h. 30 m. and lasted until 22h. 30 m., after 
which there were calms or light winds until 22 h. on the 14th. A steady east wind 
then sprang up which fell away about 9 h. on the 15th, and during the remainder of 
the series there was a calm. 
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A considerable oscillation with a period of about 18 hours appears to have been 
in progress when the observations were commenced, and to have been damped out by 
the east wind which sprang up on the evening of the 14th. 

The most noticeable point about the oscillation is that the isotherms fall very 
rapidly and rise gradually. This is more noticeable in the observations at No. 1 
than at No. 2 station. The bottom line in fig. 8 represents the difference in level 
between the two isotherms at the two stations, and from this diagram it is seen that 
while the rapid descent is first felt at No. 2 station, the fall at No. 1 station very 
soon exceeds it. To a considerable extent, as will be shown later, the rapid fall of 
the isotherms is due to the combination of oscillations of different nodality, but if 
this were all there would not have been so much difference between the curves for 
the two stations. 

The theory of seiches in lakes (both ordinary seiches and temperature seiches) 
assumes that the amplitude of the oscillation is small compared with the depth of the 
lake. This is no longer true in the case of temperature oscillations. The oscillation 
under discussion has an amplitude of about 16 metres, and the maximum depth of 
the lake below the discontinuity is only about 80 metres. Towards the end of the 
lake, where it is much shallower, the ratio between amplitude and depth is by no 
means small. 

It will be sufficient to consider the case of an ordinary seiche where this ratio is 
not small, though it may still be assumed that the vertical acceleration of particles is 
small and negligible; for we have seen that the same process may be applied to the 
discussion of temperature oscillations as to ordinary seiches. 

Using the notation of CurystTau’s Memoirs, but assuming for the sake of simplicity 
that the lake is of rectangular cross-section and uniform breadth, the depth at any 
point being /, the method described in Lamp’s Hydrodynamies, 3rd ed., p. 245, 


gives for the seiche equation 
"6 — ght ie +2) 
a Oa2]\ aa) * 


Since this equation is not linear a simple harmonic type of oscillation is not 
possible, and as the oscillation progresses there will be a change of type. In the 
deeper parts of the loch the ratio between amplitude and depth is smaller, and a 
change of type will be the more easily averted by a slight adjustment of the velocities 
of the water particles. Towards the ends of the loch, however, when the amplitude 
is large, considerable distortion of the wave surface may be expected. The water 
at station 2 was much deeper than at station 1, and it is to be expected that there 
should be considerable and irregular difference between the level of the isotherms 
at these two points. The suddenness of the fall of the isotherms which has been 
noted is also probably largely due to the change in type of the wave in shallow 
water. Where the amplitude of the oscillations is large, it is probable that the 
isotherms will move very rapidly indeed, and possibly the wave may break, just as 
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travelling surface waves break on a shelving beach. If there is such breaking of the 


_ density wave strong currents will probably occur, and the conjunction of strong 


eurrents with rapid movements of the isotherms has been noted on page 755. 
The observations during the week following the series of 13th to 15th August do 
not call for remarks other than have been already made in the discussion of current 


observations, but during the week arrangements were made for the final series from 


24th to 29th August. For the first three weeks the number of observers never 
exceeded 5, but for the last series 12 observers were fully employed. During practi- 
cally the whole of the time 3 thermometers were kept in use on each boat, and about 
36 temperature observations were made hourly in each boat by 2 observers. It may 
be mentioned, as indicating the strenuous nature of the work, that the observers 
who were on night duty observed for 12 hours without intermission. On 28th August 
for 12 hours observations were made at a third station marked 3 on the map. 


Fig. 12.—Observations at Station 3. 


In all, during the week, about 9000 temperature observations were made, and 
: these are shown on the lower half of figs. 10, 11, and 12, which represent the 
4 variation of temperature with time at various depths. Curves of the variation of 
temperature with depth at any moment, 3000 in number, were then drawn from 
these curves for intervals of 5 minutes during the series, and from these tempera- 
-ture-depth curves the curves showing the oscillations of isotherms were drawn, being 
the upper portions of the diagrams. 
Notes showing the weather conditions during the series will be found on fig. 10, 
but during most of the time, with the exception of the last day, there was an absence 
of strong winds, and the conditions were as suitable for observing a temperature 
~ seiche as one could well hope for. 
On 22nd August, as has been seen, there was a strong westerly wind, and the 
surface temperature at Lochearnhead fell from over 15° C. to 9°6° C., thus showing that 
a large quantity of warm water had been transferred to the east end of the loch. 
On the 23rd the west wind still continued, but was not so strong. Unfortunately, 
no temperature observations were made on that date, as the observers were having 
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a well-earned holiday in preparation for the strenuous week which was to follow. 
The thermograph, which had been out of gear, was, however, set to work again at 
10 metres on the evening of the 23rd, and at 19 h. recorded a temperature at that depth 
of about 12°7°C. The temperature at this depth at 19 h. on 22nd August was 86° C. 
It is seen from examination of fig. 10 that the mean level of the 12°7° isotherm was 
about 10 metres, so that apparently the isotherms at 19h. on the 23rd were approxi- 
mately in their normal positions. 

The thermograph record for the night 23rd to 24th August (fig. 13) shows that the 
temperature at 10 metres did not vary more than 1°7° C., so that apparently no large 
oscillation was in progress. In the first 24 hours after observations were commenced 
on 24th August the temperature at 10 metres varied 2°5°C., and as even in the 
record obtained by means of the thermograph 1°3° of the variation took place after 
7h. 50 m. on the morning of the 24th, it would appear that the observations were begun 
practically at the commencement of a series of oscillations. 


Fic. 18.—Thermograph Record at 10 metres—23rd-24th August 1913. 


It is remarkable that this should be so, for one would have expected that the 
oscillation would have commenced immediately the isotherms began to swing back 
when the wind moderated. Apparently, however, this was not so, and the only 
explanation which can be suggested is that when the wind moderated a solitary wave 
was started at the Lochearnhead end which, after being reflected at the east end of 
the loch, gradually resolved itself into a standing oscillation. The experimental 
investigations made by Mr WEDDERBURN in 1905 support this. 


CALCULATION OF THE PERIOD OF THE TEMPERATURE SEICHE. 


The period of a temperature seiche can be approximated to by the method de- 
scribed in the communication on the temperature seiche, Trans. Roy. Soc. Edin., 
vol. xlvii, part iv, p. 635, without the labour of finding the seiche equations for 
the loch. ; 

If T is the period of the temperature seiche in August 1913 and ¢ the period 
in 1911, 


_ , azea of surface of discontinuity in 1913 (hf of normal curve 1911)! 
area of surface of discontinuity in 1911 (h of normal curve 1913)! 


The average distribution of temperature on 28th August 1913 at the anchored 


boat was as follows :— 
0 metres 15-0° C, 16 metres 10:0° C. 


Bria. | ees ase. 94° C. 
104 toe go 8 9:0° C. 
12 gb ita 81°C. 


14 ler 
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As this was after a prolonged period of calm it may be assumed that this distribu- 
tion is typical for the whole loch. Applying the principles described in the previous 
Loch Earn calculation, the discontinuity must be taken as occurring at a depth of 
12 metres. The area of the surface of discontinuity at this depth is 1830 x 48010 
square feet as compared with an area of 1683 x 48010 square feet for a depth of 
16 metres in 1911. 

Assume that the minimum of the normal curves is proportional to o(v) at the 
deepest point in the loch, 7z.e. at sounding-line 10. In 1911 the value of ¢(v) for 
this line was ‘04104 units, and a similar calculation for the distribution of 1913 
gives ‘02850 units. The calculated period for the temperature seiche in 1911 was 
14°99 hours, hence, using the above formula, the corresponding period for 1913 is 


= 14°99 x 1830 x ,/4104 
1683 x ,/2850 
“| =19°6 hours. 


hours 


This is the period of the uninodal seiche, and, assuming that the ratio between 
the periods of the uninodal and binodal seiches is the same for the temperature as 
for the ordinary seiche, the period of the binodal seiche would be 11°0 hours. It 
will be seen later that the agreement between the observed and the calculated period 
is good in the case of the uninodal period, though not so good in the case of the 
binodal period—probably because the assumptions on which the calculation is based 
do not hold in the case of the higher nodalities as the ratio between the wave-length 

_and the depth of the loch becomes smaller. 


PERIODOGRAM ANALYSIS. 


} The observations at No. 2 boat during the last week were subjected to periodo- 
gram analysis to determine the main periods which were present. In the case of 
an oscillation which dies away so rapidly as do temperature seiches the ordinary 
periodogram method as used for the analysis of astronomical observations cannot 
be used, as there is not a sufficient number of periods to work with. A slight 

modification of the method gives a good idea of the component periods of the 
oscillation. 

For the purpose of the analysis the variation in depth of the 11° isotherm was 
considered, as this isotherm seemed to be most nearly at the discontinuity on its 
lower side, and therefore free from surface disturbances. The average depths of this 
isotherm during successive intervals of 50 minutes were taken from the graph 
drawn from the observations, and since the determination of the period is not 
affected by the addition or subtraction of a constant from these depths, the constant 
10 was subtracted to make the computation simpler. 

The numbers obtained are given in the following table :— 
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TABLE IV. 
No. of |No. Specifying] No. of |No. Specifying} No. of |No. Specifying] No. of |No. Specifying 
Interval. Depth. Interval. Depth. Interval. Depth. Interval. Depth. 
1 168 36 70 (al 619 106 319 
2 166 37 96 72 611 107 349 
3 217 38 173 73 670 108 353 
4 423 39 330 74 612 109 349 
5 588 40 431 75 635 110 359 
6 552 41 609 76 661 111 372 
Z 535 42 834 Ge 641 112 395 
8 475 43 866 78 595 113 449 
9 207 44 894 79 585 114 493 
10 137 45 962 80 578 115 522 
it 88 46 941 81 483 116 469 
12 108 47 922. 82 447 salve 431 
13 246 48 871 83 432 118 379 
14 243 49 851 84 411 119 381 
15 344 50 842 85 392 120 336 
16 474 51 791 86 379 121 330 
Le 581 52 748 87 398 122 356 
18 673 53 715 88 408 123 364 
19 729 54 667 89 545 124 355 
20 750 55 607 90 606 125 377 
21 791 56 542 91 600 126 363 
22 742 57 479 92 599 127 335 
23 701 58 409 93 550 128 333 
24 578 59 356 94 430 129 299 
25 550 60 296 95 453 130 318 
26 557 61 227 96 454 131 359 
27 569 62 204 97 440 132 382 
28 534 63 290 98 472 133 466 
29 582 64 502 99 500 134 554 
30 534 65 558 100 494 135, 572 
31 448 66 687 101 512 136 624 
32 400 67 808 102 478 137 610 
33 346 68 727 103 403 138 586 
34 167 69 689 104 389 139 585 
35 86 70 679 105 359 140 620 
| 


It will be seen that there are only 140 observations in all, whereas in an 
astronomical investigation there may be a thousand or more. Hence if the largest 
trial period covers, say, 25 of these observations, there are only 5 com- 
plete periods available. If the smallest trial period covered 10 observations, 5 
periods would only make use of 50 of the observations, but it was thought best to 
make use of all the available observations for each trial period. By this procedure 
the smaller periods will have greater weight given to their amplitudes than the 
longer periods, but it is easily seen that the increase of amplitude will be roughly 
inversely proportional to the length of the trial period. Hence, to reduce all the 
amplitudes to a uniform scale each must be divided by the number of “laps” used 
in determining the amplitude. 

Kxamples are given of the 10 and 20 trial periods in the following tables :— 
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TABLE V. 
| Row 1 168 166 217 423 588 552 535 475 207 137 
2 88 108 246 243 344 474 581 673 729 750 
3 (eal 742 701 578 550 557 569 534 582 534 
4 448 400 346 167 86 70 96 173 330 431 
5° 609 834 866 894 962 941 922 871 | 8b 842 
6 791 748 715 667 607 542 479 409 | 356 296 
7 227 204 290 502 558 687 808 727 689 679 
8 619 611 670 612 635 661 641 595 585 578 
9 483 447 432 411 392 379 398 408 545 606 
10 600 599 550 430 453 454 440 472 500 494 
11 512 478 | 403 389 359 319 349 353 349 359 
12 372 395 449 493 522 469 431 379 381 336 
13 330 356 364 355 377 363 335 333 299 318 


14 359 382 - 466 554 572 624 610 586 585 620 


6397 6560 6715 6718 7005 7092 | 7194 | 6988 | 6988 | 6980 


4 The largest divergence is from 6397 to 7194, which gives an amplitude of 797. 
This, divided by the number of “laps” used—+.e. the number of rows—gives as 


“veduced amplitude ” are 57. 


TABLE VI. 


168 | 166] 217} 423] 588| 552] 535| 475] 207| 137) 88] 108] 246] 243] 344| 474] 581] 673| 729} 750 
2| 791| 742] 701) 578] 550) 557| 569) 534} 582] 534] 448| 400] 346] 167) 86) 70) 96) 173] 330] 431 
609 | 834] 866] 894] 962) 941] 922) 871) 851) 842| 791| 748) 715] 667) 607| 542] 479) 409] 356} 296 
227 | 204} 290} 502] 558] 687} 808| 727} 689] 679] 619| 611) 670] 612] 635} 661] 641] 595) 585) 578 
483| 447] 432] 411] 392] 379] 398) 408] 545) 606] 600, 599| 550) 430] 453) 454] 440] 472) 500) 494 
512| 478] 403] 389} 359] 319] 349] 353] 349) 3859] 3872] 895| 449) 493] 522] 469] 431] 3879] 3881) 336 
330| 356] 364] 355| 377) 363) 335] 333] 299) 318] 359) 382) 466) 554] 572| 624) 610| 586) 585) 620 


3120 |3227 |3273 |3552 |38786 |3797 13916 |3701 | 3522 | 3475 | 3277 | 3543 | 8442 | 3166 | 3219 | 3294 | 3278 | 3287 | 3466 | 3505 


The largest divergence is from 3120 to 3916, which gives an amplitude of 796. 
This, divided by the number of laps used, is 2° = 114. 

When the reduced amplitudes are plotted against the corresponding trial periods 
the result is as shown in fig. 14. This shows two distinct maxima at about 10 hours 
and at about 19} hours—a good agreement with the period as calculated. 

It will be noted that the maximum showing the binodal period is much sharper 
than the uninodal maximum. This is easily explained when it is remembered that 
the binodal period is defined by about 12 periods of observation, while the uninodal 
period is defined by only 5. To use the well-known analogy of the diffraction 
grating, it is as if there had been used for the determination of a wave-length 
a grating of double the number of lines. That this is the explanation is seen from 
the small dotted curve on fig. 14 at period 10. This was derived from the first 
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half of the observations, when the amplitude was considerably greater than during 
the second half. The maximum period as far as the periodogram of these observa- 
tions indicates is not much ditferent: but from the point of view of the periodogram 
itself, it will be noticed that the use of only half the number of observations has 
lessened the “ steepness” of the curve to a very great extent. 


PERIODOGRAM ANALYSIS. 
Il? ISOTHERMAL. 1913 August 24-29. 
Fre. 14, 


PERIODOGRAM: 


Snowing Maxima AT I[Onours 


AND AT ZO uours. 


MEAN 20-HouR  OsciLLATION: Mean 10-nour 


—Uninovat SEIcHeE. 7 OsciLLaTiown: 


— Binovat SEICHE. 


Fic. 15. Fic. 16. 


The average 20-hour (taken for simplicity as the maximum instead of 19°5 hours) 
and 10-hour oscillations are shown in figs. 15 and 16. It will be seen that the 
10-hour curve is a fair approximation to a sine curve, but that the 20-hour curve 
is not. The reason for this is that the periodogram method is unable to separate 
the 10-hour oscillation from one that is so nearly of double the period, so that the 
average 20-hour oscillation as given by the periodogram is really a combination of 
the uninodal and binodal components. 


aru 
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When subjected to harmonic analysis the 20-hour oscillation is found to be :— 


14°99 + 1°72 cos (9 — 332°) + 1°10 cos (20 — 172°) + 0°10 cos (36 — 185°) 
+ 0°14 cos (49 — 300°) + 0°14 cos (50 — 125°). 


_ It is thus shown that the uninodal and binodal constituents of this curve are very 


much more important than those of higher nodality. It will be seen from other 
considerations that the periods of the trinodal and quadrinodal seiches are about 
8°5 hours and 6'0 hours respectively, and, as these are not approximate aliquot parts 


q of 20 hours, the terms cos 36 and cos 44 cannot be taken to be the mathematical 


correspondents of the physical trinodal and quadrinodal seiches. 


Harmonic ANALYSIS. 


In order to investigate the variations of the amplitudes and of the periods of 
the several component seiches during the series of observations which were subjected 
to periodogram analysis, the harmonic analysis of the 11° isothermal at both 
stations, and of the 10° isothermal at Station 2, was undertaken. 

The period chosen was 20 hours. This period is exactly 24 of the “intervals” 
used above, and hence the method of 24 ordinates could be immediately applied 


to the numbers given in Table IV without any troublesome interpolation. All 
_ the calculations were made on the harmonic-analysis computation forms devised 
_ by Professor WairTakeER for use in the Mathematical Laboratory of the University 


of Edinburgh. 
The results for the 11° isothermal are given in Table VII (page 764). The numbers 


in italics refer to Station 1, and those in Roman type to Station 2. The results are 
_ also shown graphically in fig. 17, the dotted curve referring to Station 1 and the 
_ continuous line to Station 2. 


The whole series of 140 intervals was divided into groups of 24 intervals each, 
viz., 1-24, 25-48, etc., and, in addition, intermediate groups were taken—13-36, 


_ 37-60, etc. The time of the middle point of these groups is shown in the column 


of time in the table. 

We shall now examine the curves composing fig. 17. 

1. The Amplitude of the Uninodal Seiche.—The amplitude is seen to be about 
2'0 metres for the first period, and to rise through 2°5 metres to a maximum of about 
3°6 metres at the group whose mid-time was 25th August 17h. On the 24th and 
25th there was an alternation of westerly winds of moderate strength with calms, and 
these may have been so timed as to build up the uninodal seiche in preference to 
the binodal. The increase of amplitude may also have been partly due to the 
gradual resolution of a travelling bore into a steady wave, as is suggested on page 758, 
where there is also a description of the weather conditions before the commencement of 
the series. During the next 36 hours there is a gradual fall in the amplitude of the 
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seiche. This was a period of calms and light winds, and hence from this part of 
the curve we can get an idea as to the decay of the uninodal temperature seiche in 


Loch Earn. 


TABLE VII. 


Tame. Ne: 0. 1. 9, 3, zt. 


| Aug. 24,21h.. .| 1-24 | 14:42 | 2:03 | 304 | 1-97 | 185 | 1:19 | 312 | 0-55 | 267 
| 1490 | 1:98 | 305 | 815 | 172 | 2:12 | 260 | 0-64 | 329 


PAS yn lial oe . | 25-48 15°32 | 3°64 | 323 156 | 193 | 0°32 | 261 | 0°24 | 237 
15:58. | 3:74 | 822 | 1:90 | 181 | O54 | 276 | OSIRIS 


20, [3dih. « ; 49-72 15°79 | 2°34 | 355 -| 1:00 | 158 | 0°76 61 4) Oe 14 
1602 2:37 || S40 LY | ICS a-08: 81 | O78 | 330 


ih; 9H... . | 73-96 15:23 | 0°89 18 | 074 | 144 | 0-49 77 ~+| 0°30 | 166 
15°42 | O95 Le | Lo” | LO Ose 69 | 0:37 0 


28, Bh.. .| 97-120 | 14:17 | 0-44 | 348 | 0-63 | 129 | 0-35 |-108 | 0-10 0 
1-26 | 0-97 | 834 | 0-77 | 187 | 0-14 | 185 | O14 | 16 


Dh... . | 13-36 14°87 | 2°58 | 146 | 1:25 | 167 | 0°26 59 | O15 | 106 


Aug. 25 

15:23 | 265 | 140 | 1:88 | 148 | O56 | 128 | O43 | 112 

26, 3h.. . | 37-60 16°35 | 3°34 | 161 | 1:20 | 198 | 0-44 | 234 | 0°22 | 240 
G44 | 322 | 155 | 144 | 186 | 0:28 | 248 | 0-57 | 201 

23h. . . | 61-84 15°56 | 166 | 166 | 1:13 | 187 | 058 | 248 | 0:24 | 277 

15:75 | 1:80 | 164 | 169 | 185 | O97 | 260 | O45 | 299 

7 Bal) as . | 85-108 14:53 | 0-81 | 132 | 0°66 | 147 | 0°37 | 292 | 0-18 0 
15:09 | 110 | 109 | 10 | Tey | O43 | 271 | OT aes 

28, 15h. . - | 109-132 13:79 | 0°58 89 | 0°36 | 159 | 0:27 | 294 | 0-15 | 312 
1407 | 0:95 | 117 | 037 | 160 |.0:26 | 289 | 0:30 | 303 


The dotted curve refers to the station nearer the end of the loch, and, as would 
be expected, the amplitude there is greater than at Station 2. If we were to assume 
that the isotherms lie in planes through the uninode as marked on the map, the 
amplitude at Station 1 would be 1°14 of that at Station 2. The actual ratio is about 
1°04, indicating that the gradient of the isotherm diminishes towards the end of the 
loch. This may be due to the great amplitude of the oscillation and the damping 
effect of shallow water, or to the fact that the temperature normal curve is not 
parabolic, for it is only with parabolic normal curves that the isotherms can remain 
as planes. 

2. Variation of Uninodal Phase.-—This curve is drawn by taking as vertical 
scale the angle of the phase, and as the horizontal scale the mid-times of the groups. 
During the first 60 hours (or three groups) the phase is seen to be uniformly 
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mounting, but during the remainder of the series the variation is much more 
irregular. The irregularities are due to slight winds, which seem to have such a 
marked effect in changing the form of the oscillation, as has been noticed in previous 
investigations. The slow mounting during the calm gives a very accurate means of 
determining the true period of the oscillations. The rate of increase of phase is 
about 20° per group, and hence a better approximation to the true period of the 
uninodal seiche is 20 x (1+20/360) hours=21'1 hours. 

The curves for the two stations are very much alike, which is a strong corrobora- 
‘tion of the standing-wave = Ehemey. 


Mean DererH 


HARMONIC ANALYSIS: | oF I ISOTHERMAL 
> ISOTHERMAL, 1913 August 24-29. 


Periop: 20 Hours 


Sration No.I : —-—-— 
Sration No. I: 


AmeciTuve Ampciruoe 
OF UNINODAL SEICHE OF BINODAL SEICHE 


OF UNINODAL SEICHE ‘ BINODAL SEICHE 


3. Amplitude of the Binodal Seiche.—In the case of the binodal seiche there is 
no strong maximum, but the whole is less regular than the curve of the amplitude 
of the uninodal seiche, and suggests that the former is more easily disturbed than 
the latter. 

The difference between the curves for Stations 1 and 2 is much more apparent, 
as would be expected. A similar calculation to that given for the uninodal amplitude 
on the assumption of approximately plane isothermal surfaces through the binode 
_ gives the factor 1°28. The actual ratio is about 1°41, indicating that the gradient of 
the isotherm increases towards the end of the loch. The change of wave type 
discussed on page 756 gives a probable explanation of this, but at first sight it is 
rather remarkable that the gradient of the isotherms should be so different in the 


eases of the uninodal and binodal seiches. The wave-length of the binodal seiche 
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being half of that of the uninodal seiche, however, irregularities may be expected to 
be greater in the case of the binodal seiche. 

4. Variation of Binodal Phase.—The phase of the binodal seiche is seen to be 
very constant during the whole series, and suggests that the period of 10 hours is a 
very close approximation to the true period. 

5. 10° Isothermal at Station 2.—The periodogram curves for this isothermal are 
shown in fig. 18, the time scales being as in fig. 17. As regards amplitude and 
phase they are seen to follow the 11° isothermal very closely. 

6. Mean Depth of the 10° and 11° Isothermals. 


A comparison of the curves 


HARMONIC ANALYS/S 


4 MEAN DEPTH 
oF 10° /SOTHERMAL. 


OF 10° ISOTHERMAL. 
STATION N° II 


/9/4 AucusTt 24-29. 


Period 20 Hours. 


AMPLITUDE 
OF UNINODAL SEICHE. 


AMPLITUDE 
OF BINODAL 


SEICHE. 


PHASE 
OF UNINODAL SE/CHE. 


PHASE 
OF BINODAL SEI/CHE. 


Fic. 18. 


showing the variations of the mean depth of the isothermals for 10° and 11° at 
Station 2 shows that there is a wide divergence between them. At the beginning 
of the series the distance between them was about 2°5 metres, but this decreases to 
less than a metre in about 30 hours, and thereafter each rises gradually about 
2 metres in the next two days. With a variation such as this in calm weather, it is 
seen how impossible it is to find an accurate estimate of the period of the temperature 
seiche. It has been previously suggested that there may be extremely slow oscilla- 
tions formed by rhythmical variations of the isothermal layers, but the observations 
are too limited to give much weight to this supposition. 

It will be noted that the average depth of the 11° isothermal at Station 2 is about 
one-third of a metre greater than at Station 1. This suggests that in their position 
of rest the isothermals are not plane surfaces but are slightly cup-shaped. 

Periodogram Analysis for Short Periods.—On the periodogram curve shown in 
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fig. 14 it is seen that there is no definite maximum in the curve below that corre- 
sponding to the 10-hour binodal seiche. This is not conclusive evidence against the 
existence of plurinodal seiches of appreciable amplitude, for it is probable that seiches 
of high nodality are more easily disturbed by surface winds than the uninodal and 
binodal seiches. If, then, the phase of the seiche be altered at various times during’ 
the period discussed in the periodogram, it is evident that the periodogram method 
will tend to obscure the periodicity rather than make it evident. 
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Period in hours. 
Fic. 19.—Periodogram Analysis for Short Periods. 


In order to see whether evidence of plurinodal seiches could be found, a shorter 
period from 16 h. on 25th August to 14 h. on 27th August, which was a time of great 
calm, was chosen for examination. Readings of the 11° isothermal at Station 2 
(fig. 11) were taken at shorter intervals of time than formerly, viz. 20 minutes, 
and to this series of readings the method of periodogram analysis was applied as 
described above. The curve of periods is shown in fig. 19. It could not be expected 
that there should be strongly marked maxima, but there is distinct evidence of the 
trinodal and quadrinodal seiches, the periods of which may be taken to be about 


83 hours and 63 hours respectively. 
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XX.—On Hemonais laurentii, n. sp., a Representative of a little-known Genus 
of Naidide. By J. Stephenson, D.Sc., Professor of Zoology, Government 
College, Lahore. 


(MS. received January 13, 1915. Read February 15,1915. Issued separately May 11, 1915.) 
[Plate LXXIX.] 


In the year 1900 BrerscHER (1) published a short account of a new aquatic 
Oligochete belonging to the family Naidide, which was assigned by him to a new 
genus, Hemonais, under the name H. waldvogeli. Its chief peculiarity lay in the 
complicated blood-vascular system, to an account of which BrerscHEr devotes about 
half of his description. No further account of any representative of the genus has 
since appeared. 

Some months ago I was surprised to find, in Lahore, specimens which were 
_ certainly referable to the same genus as the Swiss worms, though manifesting a few 
_ differences, sufficient to distinguish them as a separate species. Since my first 
discovery of the present form I have had the advantage, which did not fall to 
‘Brerscuer’s lot, of being able to observe sexual individuals; and as the worms are 
remarkable in other respects than that of the vascular system, and since moreover 
the somewhat curt description which he gives is perhaps scarcely sufficient to satisfy 
legitimate curiosity in regard to a new genus, I give below a fairly complete account 


of the Lahore specimens. 

_ My description of the vascular rings and their branches in the anterior part of 
the body differs somewhat from BRETScHER’s, mainly in being less detailed. At the 
time that I had the living worms under observation (in which alone the vascular 
_ system can be traced in detail), Brerscuer’s original paper was not available in 
Lahore ; 1 was therefore unable to compare my specimens with his description. But 
I am inclined to doubt if much more could have been seen, with any degree of 
certainty, than is given below; the present species seems to be considerably larger, 
and therefore more opaque, than BretscHer’s. It may be added that BRerscHER 
- does not note, for H. waldvogeli, the curious fact that the dorsal vessel is not actually 
dorsal, but runs along the left side of the intestine from the posterior end as far as 
segment Vi. 


Hzmonais laurentii, sp. nov. 


A number of specimens of this species were obtained from the duck-pond in the 
Lawrence Gardens, Lahore, towards the end of March 1914. 
The maximum length of the specimens when extended was about 20mm. The 


anterior end of the animal tapers gradually ; the prostomium is triangular, with a 
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rounded tip. There are no eyes. Many of the specimens were undergoing asexual 
multiplication ; and of the others, some had only recently separated, as evidenced by 
the partially developed condition of the anterior ventral setze. 

Setvz.—There are no dorsal setze in the anterior part of the body in the fully 
developed animal; they begin in segment xvii, xix, or xx; and each bundle consists 
of one hair- and one needle-seta. Minor variations in the constitution of the bundles 
occasionally occur; thus the hair-seta may be absent, or there may be two needles 
in a bundle. 

The hair-setz are about 150 » long, and 3 broad at the base; they taper to a 
fine point. They are straight, or with a very slight sickle-shaped curve. 


JA 


TEXT-FIG, 1.—Sete of Hamonais laurentii. x 540, a, anterior ventral ; b, posterior ventral ; 
c, single-pointed ventral ; d, dorsal necdle ; ¢, single-pointed dorsal needle ; 7, genital seta, 

The needles (text-fig. 1, d) are of the usual doubly-curved and double-pronged type. 
In length they are about 105 », in breadth 4°5 «; the curves of the shaft are gentle, 
and the whole distal extremity is less hooked than in the ventral sete. Of the two 
prongs into which the distal end forks, the distal is longer and may be slightly 
thinner than the proximal, but both prongs are absolutely much longer than those of 
the ventral sete. The angle between the prongs is narrow. The nodulus is distal to 
the middle of the shaft, the proportion of the distal and proximal sections of the 
shaft being about 3 : 5. 

There is a considerable amount of variation in these dorsal needle-sete ; thus the 
relative length of the two prongs to each other is variable, as also the position of the 
nodulus, which may be nearer the middle of the shaft than is indicated above. They 
are largest and most typical in the posterior part of the body, where they may reach 
115 “in length. But the most striking variation is the not infrequent absence ot 
one of the two terminal prongs (text-fig. 1, ¢). It appears to be the distal prong 
which is missing; this is, usually at least, indicated by the presence of a slight 
“shoulder” on the shaft, as shown in the text-fig. 

The ventral setz, of the type usual in the Naididze, occur in handles of from two 
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to four. They are very variable, even in the same bundle, but may be divided into 
two groups, anterior and posterior. A similar distinction can be made in certain other 
genera, e.g. Nais, where the ventral sete of segments ii-v differ in character from 
those behind; in this case, however, the change occurs much further back, and is 
gradual rather than sudden. 

In the anterior part of the body the sete (text-fig. 1, a) vary considerably in 
length—80, 98, or 104 , but are all comparatively slender, 3 «; the distal prong is 
slightly longer than the proximal, and about half as thick as the latter at its base ; 
the angle between the prongs is neither markedly wide nor narrow. The nodulus is 
usually proximal to the middle of the shaft, but its exact position is variable even in 
the same bundle; thus along with setze in which the proximal segment of the shaft 
bears to the distal the ratio 3:4, there may be one with the ratio 1:2, while in 
some cases the nodulus is only slightly proximal, or is actually at the middle. 
There is no sudden change in the character of the setz in passing backwards. In 

segment vili, in one instance, the length was 104», the nodulus was at the middle of 
the shaft, and the prongs had the above relations. In segment x the length was 
105-110, prongs as above, nodulus at the middle or slightly proximal. In segment 
xv, however, one seta of a bundle of four had different characters: it was shorter, 
78; noticeably stouter, 4 «; the proximal prong was both longer and thicker, 14 as 
long and twice as thick as the distal, and the nodulus was distal to the middle of the 

shaft (proximal segment: distal segment::7:5). Another seta in this segment 
presented intermediate characters—length 90 m, shaft intermediate in thickness, 
prongs of equal length, proximal prong twice as thick as distal, nodulus distal to 
middle (proximal : distal : : 4 : 3). 

Behind this the sete were all of the stout type (text-fig. 1, b), e.g. in segment xvii 
—length 80-96 u, breadth 4—4°5 », prongs equal in length or proximal slightly longer, 
proximal prong more than twice as thick as the distal at its base, nodulus distal, but 
its position variable (proximal segment : distal segment ::5:4 or 3:2); there may 
be a slight “ webbing ” between the bases of the prongs. 

A marked variation—the absence of the distal prong—occurs sometimes in the 
ventral as in the dorsal sete. In some cases a slight “shoulder” on the shaft 
represents, as in the dorsal setze, its normal place of origin ; in other cases there is no 
indication of a second prong, and the seta ends distally in a simple stout hook 
(text-fig. 1, c). 

Attention may be drawn to the fact that the variations in the position of the 
nodulus are not haphazard, but follow a definite rule. Careful preparations will 
show the setal bundles in most cases laid out flat, with the sete in their natural order ; 
and in such it can be seen that the nodulus is most distally situated in the outermost 
seta, most proximally in the innermost, and that there is a progressive change in the 
ratio between proximal and distal segments of the shaft as we pass from the outer to 
the inner seta; so that while this ratio may be 2:1 in the outer, it is perhaps 4:3 
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in the inner seta. This is shown in text-fig. 2, and the relative position of the bundles 
of opposite sides in text-fig. 3. I have described (3) a similar condition in the form 
which MicHagLsEn (2) has named Aulophorus stephensoni ; and it occurs also in Dero 
limosa and Aulophorus furcatus. Since it is possible that it may occur more widely, 
it is evidently not sufficient, in describing the setee of the Naididz (on the minutiz 
of which the discrimination of species sometimes depends), to note the position of the 


ii ra 


TEXT-FIG, 2. TEXT-FIG. 3. 


nodulus in a single arbitrarily selected seta of a bundle without reference to the 
condition in its fellows. 

When an individual belonging to the Naidide divides asexually, the zone of 
production of new segments (budding zone) in the middle of the animal’s body splits 
in such a manner that a number of the new segments go to form the posterior end 
of one daughter individual, while the rest form the anterior end of the other. This 


Budding Zone m is 
35 se oa ae | 36 3] IS 
34 pines “HA ie L 


TrxtT-FIc. 4, 


latter group is commonly five in number (cf. STEPHENSON, 4), and it often happens 
that these five newly formed segments, constituting the head of the posterior zooid, 
bear no dorsal setae. Hence in a number of genera the dorsal setze commence on the 
sixth segment. 

The above sequence of events takes place in the present species also; and it 
would accordingly be expected that the dorsal sete should begin, as in Naws and 
some other genera, on the sixth segment. As a matter of fact they begin on or near 
the twentieth ; and it is obvious, therefore, that in order to bring about this condition 
a considerable number of segments must shed their dorsal sete about the time of the 
detachment of the posterior zooid. Text-fig. 4 will make this clear; it illustrates 
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the condition in the region near the budding zone soon after the first appearance of 
the latter. The budding zone is supposed to occur after the thirty-fifth segment of the 
original animal ; and at this stage segments 36, 37, 38 . . . of the old animal (which 
will become vi, vii, viii . . . of the new) have dorsal setee—the dorsal sete of the 
hinder part of the original undivided animal. It is these which must fall off, if the 
new animal (B) is to resemble the parent in having dorsal sete only from about the 
twentieth segment onwards. 

This conclusion does not rest on inference only ; the various stages of the shedding 
of the dorsal setze can be observed by taking individuals which are approaching, and 
others which have lately passed, the actual division. Thus an animal was observed 
in which the budding zone had only recently appeared (the four new anterior bundles 
of ventral sete atthe head end of B had not begun to form); one bundle of dorsal 
sete had already disappeared. In a specimen slightly more advanced (the four new 
bundles of ventral setze beginning to show), the first, and the hair-seta but not the 
needle-seta of the second, dorsal bundle had disappeared. Actual separation takes 
_ place at about this stage, before the ventral sete of the anterior end have attained 

their full development ; in such a specimen, after separation, two dorsal bundles and 
the hair-seta of a third had fallen off, so that there was only a needle-seta in segment 
vil, while the dorsal bundles were complete from ix onwards. In another, apparently 
fairly recently separated specimen, the dorsal setae began in xi, and here again in 
the first bundle the hair-seta had fallen out. In another specimen the dorsal sete 
began in xiii, in another in xiv. 
The setze, too, leave traces behind them. In the specimen where sete began in 
Xi, there was present in x, at the former site-of the sete, a slight epidermal thickening, 
and, beneath this, remains of the cells of the setal sac and the setal muscle-strands. 
In ix the traces were more doubtful, and the setal muscles had disappeared ; but in 
Vili and vii the condition was as in x; no trace of muscles or sac could be seen in vi. 
A little consideration will show that the ventral setal bundles have also to 
undergo alterations in connection with the separation of the posterior animal. In 
a well-developed specimen the ventral sete are found to change their character, as 
has been described, about the fifteenth segment. A reference to the text-figure 
(text-fig. 4) will show, however, that the ventral setee of the posterior animal B, 
from segment vi onwards, will at first be all of the posterior or stout type; since 
these segments are the 36th, 37th, 38th . . . of the original animal. The stout 
sete of segments vi-xiv must therefore fall out and be replaced by sete of the 
slender anterior type before the zooid B can be considered fully developed. 
Indications of such a change were seen in the specimen already referred to, where 
one bundle of dorsal setee had disappeared. Here the corresponding ventral bundle 
contained two setze of the stout type and one of the slender, the latter presumably 
newly formed ; the same was the case in the next segment; while in the one following 
this the complete setee of the stout type were accompanied by the just-formed head 
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of a new seta of the slender type. We can therefore actually see the change in the 
character of the setze taking place. 

The body-wall and muscular system call for only two remarks. The first is that 
the cells of the lateral line are well seen in stained preparations as a very definite 
band of nuclei; the other, that a pair of muscular bands pass in each segment, one 
on each side, from the dorsal to the ventral setal sac. Hach band consists of a single 
fibre which traverses the body-cavity in a vertical direction, and to which a nucleus 
is attached ; in position they are comparable to similar bands in the Tubificidee (for 
example, Branchiura, Limnodrilus, 5). 

The celomic corpuscles are spherical nucleated bodies, very variable in size, their 
diameter being from 9 to 22; they contain a number of refractile, colourless 
granules. In sections they are well seen; and the cell-wall appears as a definite 
membrane, from which the contents sometimes have shrunk away (text-fig. 5, a). 
They originate mainly from the peritoneal lining of the dorsal body-wall. In the 
anterior segments of the body behind the first few, masses of such cells are con- 


TEXT-FIG. 5. 


spicuous, regularly segmental in their arrangement, in the free space dorsal to the 
out; similar but smaller and less conspicuous aggregates may be seen also in the 
posterior part of the body. These masses apparently represent the origin of the 
ccelomic corpuscles ; the individual corpuscles of the mass can sometimes be seen to 
be attached to the body-wall by protoplasmic bridges, by stalks, or by longer thread- 
like strands (text-fig. 5, b). 

The chloragogen pigment has an unusual and characteristic distribution. In 
most Naidide it extends forwards on the alimentary tube to about segment vi, or 
perhaps v, and there ceases. In the present species it extends forwards as far as 
the pharynx, the hinder part of which, in segment iv, it envelops (fig. 1,:chl.™)aam 
segment iii the pharynx is almost free from the pigment, which, however, again 
extends round the anterior end of the pharynx, immediately behind the level of the 
mouth, in the second segment (ch/."). In the latter situation it forms a conspicuous 
aggregate behind the cerebral ganglion ; and, further forwards still, a mass of brown 
pigment is to be seen in the prostomium (chi.'), anterior and ventral to the ganglion. 
This distribution rendered the animals capable of immediate identification amongst 
numerous others of different species. 

The chloragogen cells on the intestine and surrounding the dorsal vessel may 
have in them very little of the pigment, which is much more densely aggregated in 
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the anterior part of the body. Here in many cases the cells which contain the 
brown particles are disintegrating ; and in the prostomium and round the pharynx 
the cells have disappeared, leaving only loose aggregates of brownish-coloured grains. 

The new segments produced in the budding zone at first contain no chloragogen. 
It begins to appear in the prostomium of the newly formed head soon after separa- 
tion, and could be seen in an animal in which the dorsal setee had disappeared as far 
back as segment xii. 

The alimentary canal differs from that of many Naidide, and reminds the 
observer of the condition in the Tubificidee, in showing no obvious differentiation into 
cesophagus, stomach, and intestine. The pharynx, in segments ii-iv, is invested 
by chloragogen at both ends, but free in the middle (fig. 1). A transverse section 
through the middle of its length (fig. 2) shows that its lumen has here the shape of 
the letter T inverted (|)—in other words, there is a dorsal diverticulum with a 
median cavity which is narrow from side to side; the dorsal diverticulum and the 
dorsal wall of the main tube are heavily ciliated, while the ventral wall of the 
pharynx shows no cilia, and the cells are not so high. 

On the sides of the pharynx are a number of gland-cells, arranged in groups of 
three, four, or more, the groups separated by muscular strands passing outwards 
from the pharyngeal wall to the parietes (figs. 1, 2). In a vertical longitudinal 
section which cuts the lateral wall of the pharynx tangentially (fig. 1) the arrange- 
ment of these groups of cells is well seen, and the appearance resembles that of 
the acini of an ordinary racemose gland in the higher animals. The individual 
cells are usually elongated, pyriform or fusiform, and are continued by means of 


a narrower neck into the epithelial layer of the pharynx, to which they thus 


properly belong. It is very possible, however, that some of the cells in this situa- 
tion are of peritoneal origin and have no direct connection with the pharyngeal 
lining epithelium. 

The csophagus is narrow as far back as segment xii or thereabouts; it then 
begins to dilate, and the intestine may be said to be established in xiii or xiv. The 
intestine is characterised by being dilated in each segment and constricted at the 
septa. The histological characters of the epithelium also change: in the cesophagus 
the cells are long, but of rather unequal height, and groups of two or three are united 
together to form minute papilliform elevations; in the first part of the intestine the 
cells take up more of the eosin stain, are not on the whole so tall or so irregular, and 
have numerous spaces between their bases; but I am not satisfied that these differences 
are constant. 

The anus is dorsal, and a strong ascending ciliary current is very obvious in the 
posterior part of the gut. The margin of the anus may be slightly puckered, and in 
the best-marked cases there is a slight eversion of the epithelial lining of the intestine, 
which appears as a dorsal and ventral lip at the anal orifice. The term “eversion” 
is in strictness not applicable, since the projections are epithelial only ; there is no 
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folding of the intestinal wall, and the lips are due to the greater height of the 
columnar cells (fig. 3). The epithelium of the whole of the posterior part of the 
intestine isa tall, heavily ciliated layer, presenting very numerous folds on its surface ; 
but here again the apparent folding is due to the inequalities in the height of the 
cells. The cells are of one kind only, with hyaline cytoplasm, and ovoid, fairly 
large nuclei, which stain only lightly. The whole layer has a distinctive homogeneous 
appearance, stains lightly with eosin, and cell-outlines are scarcely to be made out. 
Near the base of the layer are frequently to be seen oval or spherical vacuoles; these 
from their shape are intracellular, not (as are the spaces further forwards in a some- 
what similar position) between the bases of the cells. The vacuoles may contain 
colourless or slightly yellow granular matter, which does not take the eosin stain 
(hence is not of the nature of the coagulum seen in the blood-vessels and -spaces). 
The appearance would lead one to suggest that it is an indication of intracellular 
digestion. 

The epithelium changes its character at a short distance from the posterior end ; 
in front of this the cells lose their thick fur-like covering of cilia and their homo- 
geneous hyaline appearance; they do not stain appreciably with eosin, and many 
show a number of clear vacuoles, as if a quantity of secretion had been discharged ; 
the lumen of the canal also becomes wider. 

Vascular System.—The peri-intestinal plexus is not conspicuous in sections, and 
is only to be made out as a narrow chink here and there. The considerable spaces 
between the bases of the intestinal epithelial cells, previously mentioned, belong to 
the system, since, when, as sometimes, they contain granular matter, this stains red 
with eosin, like the coagulum in the blood-vessels. 

The dorsal vessel passes along the left side of the intestine till it reaches segment 
vi, or dissepiment 5/6, when it becomes dorsal. Till this point it is closely related to 
the alimentary tube, and is invested by chloragogen cells or free chloragogen pigment. 
The ventral vessel, which is quite separate from the intestine, is formed by the union 
of two branches at the level of the sete of sezment ii. 

Vessels are given off to the body-wall, on which they ramify, in most segments of 
the body. They can be seen as far forwards as segment iv, and backwards nearly 
to the posterior end. The parietal capillaries may be beautifully seen, towards the 
anterior end of the animal, as a regular network of longitudinal and transverse 
vessels, at right angles, marking out a series of regular rectangles on the inner side 
of the body-wall; the longitudinal capillaries are much closer together than the 
transverse ; these latter are not segmental, there being more than one per segment 
but not more than two. 

The nephridia are of the usual tubular and loosely coiled type, and begin in 
segment Vil. 

The cerebral ganglion is comparatively small, situated at the level of the mouth 
aperture, in front of the pharynx. Seen laterally, it is of rounded outline, not 
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elongated antero-posteriorly ; sections show it to be markedly bifid in front and 
behind. 

Asexual reproduction was taking place in a number of specimens; chains of 
more than two were not observed, and are probably not formed, since the posterior 
animal appears to separate at an early stage, some time before the complete develop- 
ment of the anterior ventral setze and complete differentiation of the head end; 
n (the number of segments after which the budding zone forms) = 31, 33, or 36. Four 
seta-bearing segments, or five and a prostomium in all, are intercalated behind the 
actual line of separation to form the anterior end of the hinder animal. 

Genital Organs.—All the specimens first obtained, and used in writing the fore- 
going account, were without sexual organs; but by a lucky chance an examination of 
other material from the same pond at a later date (May) showed a few specimens 
with well-developed sexual apparatus, as well as one or two in an earlier stage. In 
order to avoid possible injury or accidents, the specimens were examined only 
eursorily while alive; and having been fixed almost at once, were subsequently 
investigated by means of longitudinal and transverse sections. 

The gonads appear before the rest of the reproductive apparatus, and disappear 
entirely before this has reached its fulldevelopment. In the specimen in which they 
were seen no other portion of the genital system was present. The testes (fig. 1) 
consisted of paired masses of cells, of considerable size, in segment v, springing by a 
narrow base from the posterior face of septum 4/5 close to its attachment to the 
ventral body-wall. The ovaries, smaller in this specimen than the testes, were 
similarly situated in the next posterior segment. 

In fully developed specimens the clitellwm extends over the posterior half of 
segment v, segments vi and vii, and_a small part of viii—nearly three segments 
altogether. The epithelium (figs. 4, 5, 6) consists of much-elongated cells which 
show a coarsely reticular structure, the meshes of the network constituting the 
boundaries of clear spaces with non-staining contents ; the nuclei are in two layers, 
one on the surface, the other at the base of the cells. The clitellum is absent from 
a transverse strip between the male apertures (fig. 5). 

The sperm-sac, a backward out-pushing of septum 5/6, extended as far as 
segment 1x in a specimen which was not fully mature. In a later stage, when the 
accumulation of ova behind it has increased, and, when, perhaps, its contents have 
been partially discharged, it may be practically confined to segment vi. 

The male funnels lie in the anterior part of the sperm-sac. They are cup- 
shaped, with everted ciliated margin; the mouths look upwards and backwards. 
The funnels touch each other at their inner borders in the middle line, dorsal to the 
alimentary canal. The wall of the sperm-sac fuses with the outer surfaces of the 
funnels (fig. 4). 
The vas deferens is short and stout, with a slightly twisted course and a consider- 


able lumen; it descends to enter the atrium towards its upper surface. Its diameter is 
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about 30“. The lining epithelium is approximately cubical, or in other cases much 
flattened, the tube being swollen out into an elongated, thin-walled empty chamber 
(e.g. right side in fig. 5). 

The atrium (fig. 5) is comparatively small, ovoid in shape, with its long axis 
vertical, in length 100 » and in breadth 70 ». It is lined by a tall, non-staining 
epithelium, the cells showing a multitude of minute granules thickly scattered in a 
clear groundwork. The low cells of the vas deferens are continued some little way 
into the swelling of the atrium, and then give way abruptly to the columnar cells 


of the type described. The muscular coat is well marked, especially the layer of | 


circular fibres as seen in a vertical section. The peritoneal investment shows a few 
small cells; but there is no “prostate.” The lumen may contain spermatozoa, or 
may be empty. 

The ejaculatory duct is rather shorter than the atrium. It is lined by narrow, 
closely packed columnar epithelial cells; it has a well-marked muscular investment, 
and is surrounded by numerous small peritoneal cells. 

Turning to the female organs which are present in the fully mature animal, the 
ovisac, which as usual encloses the hinder part of the sperm-sac, is an out-pushing of 
septum 6/7, which may extend as far back as the hinder end of segment ix. Numerous 
blood-vessels are seen in sections closely applied to its inner surface (these may, of 
course, all be the coils of a pair of very tortuous loops). The ovisac does not merely 
cause a backward bulging of the septa (7/8, 8/9) posterior to it; these, as seen in 
longitudinal sections, maintain their transverse direction between the body-wall and 
ovisac, and fuse intimately with the periphery of the latter. 

The female funnels were not seen in any of the stages. They may possibly be 
represented by a layer of peritoneal cells which occurs, in one specimen, over a limited 
area on the anterior face of septum 6/7 near its attachment to the ventral parietes ; these 
cells are small, and consist of little else than nuclei. Oviducts were not seen at all. 

The spermathece (fig. 6) are in segment v. They are a pair of ovoid sacs with 
their long diameter vertical, and in size measure (maximum) 140 » by 105 #; they 
are thus, compared with these organs in some other genera of the Naidide, relatively 
small. Their epithelial lining is of very irregular height, the cells being of all forms, 
from a much elongated columnar down to cubical; in this way are formed a number 
of irregular projections into the cavity ; the nuclei are peripherally situated. There 
is a well-marked muscular coat, on the outside of which are a few scattered peritoneal 
cells (fig. 6, p.c.); the nuclei of these latter are not flattened, and the cells may be 
attached by a comparatively narrow, almost stalk-like, base. The lumen was empty 
in all the specimens. The duct (fig. 6, d.) is narrow and short; itis lined by a regular 
columnar epithelium, and has a strong muscular investment. The aperture is 
remarkable as being at about the level of the middle of segment v, not, as usual, in 
furrow 4/5; it is at the edge of the clitellum. 


Genital sete (text-fig. 1, f) are found in the sixth segment in the fully mature . 
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animal to the number of one to three on each side. These are 110 » in length, and 


stout, 4 in diameter. They were not seen to project from the surface, and were 
revealed only in sections, where their distal ends were found to be at the level of the 
superficial epithelium. The shaft is slightly curved, and the distal end is strongly 
hooked and bifid. The two prongs of the fork are short, and equal in length, but 
the proximal of the two is very much thicker, at least three times as thick as the 
distal. The nodulus is markedly distal to the middle of the shaft, less than a quarter 
(approximately %) of the length from the distal end. 

The alimentary canal also undergoes changes in the sexual animal similar to, 
though on the whole not (in these specimens) as marked as, those which occur in 
Dero limosa (cf. post, p. 785). The description which follows relates for the most 
part only to the most advanced stage of sexual maturity; this has not quite been 
reached in the specimen from which figs. 4, 5, 6 have been drawn. 

The mouth opening persists ; but the pharynx disappears as a distinctive structure, 
and the anterior part of the alimentary canal forms a narrow tube lined by a low 
epithelium or by cells with no regular epithelial arrangement. In what is perhaps 
an earlier stage of degeneration there is seen, dorsal to the alimentary tube in the 
region formerly occupied by the pharynx, a considerable mass, with nuclei but 
without cell-limits, from which muscular strands radiate towards the parietes. This 


mass, though now separated from the wall of the tube, apparently represents the 


dorsal diverticulum in this region, previously described. 

The lumen is still present in segment iv, but disappears in v; narrowing, the 
cesophagus becomes in vi merely band-like, and smaller in transverse section than the 
ventral nerve cord; indeed, it may almost disappear altogether, and in certain 
sections it could hardly be recognised if it were not for the investment of chloragogen 
granules. As far back as segment ix it continues very narrow, approximately 10 » 
in diameter (exclusive of the chloragogen investment); there is no lumen, and the 
solid cord is hardly more than one cell thick; small vacuolar spaces are seen here 
and there, though the cells do not seem to be in the last stage of degeneration. 
Behind this level it gradually widens, and the lumen reappears in segment Xi. 

In the posterior part of the body the lumen is well marked, though filled with 


non-staining granular matter. The epithelium is low, scarcely more than cubical, 


but is not markedly degenerate. 

Parasite.—In an early sexual individual a relatively huge sporozoan parasite was 
found to be occupying the ccelomic cavity about the middle of the animal’s length. 
It was somewhat twisted, but its length was estimated at not less than 8 mm., perhaps 
as much as 1 mm.; in breadth it was ‘(09-12 mm. Other stages were seen in several 
specimens here and there in the alimentary wall; and in all specimens with a well- 
developed sperm sac this latter contained very numerous small spherical bodies 
about 20 # in diameter, with ill-defined nuclei, presumably belonging to the same 


life-cycle (fig. 5, p.). 
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The characters which distinguish the present species from H. waldvogeli, 
previously described by BretscuEr, appear to be the following :—The ventral. setz 
of segment viii are not here thicker than those of other segments, as BRETSCHER 
found them in his species; the shaft of the dorsal setee is considerably less curved 
than in H. waldvogeli, and the prongs are here markedly unequal in leneth (contrast 
with BrerscusEr’s fig. 12); less important points are the greater size (up to 20 mm.) 


of the present species (H. waldvogeli 5-12 mm.), and the fact that the ventral sete . 


may be as many as four per bundle (H. waldvogeli 2-3 per bundle). I am uncertain 
what value to attach to the difference in the position of the first nephridium (in 
H. waldvogeli in segment iv, ix, or x, in the present species in vii). 

The remarkable features presented by these worms may be summarised as 
follows :— 

(1) The variability of the sete ; the change in the character of the ventral sete 
on passing backwards, and the fact that the change is established gradually, and at a 
level much behind that which is usual in the Naidide. 

(2) The distribution of the dorsal setee, and the way in which the peculiarity comes 
about—by the falling out of certain setal bundles in the anterior part of the body. 

(3) The distribution of chloragogen pigment, which extends on to the pharynx 
and even reaches the prostomium. 

(4) The form of the pharyngeal cavity, and the pharyngeal gland cells. 

(5) The characters of the posterior intestine and the anus. 

(6) The presence of parietal capillary vessels, and the situation of the dorsal 
vessel on the left side. 

(7) The atrophy of the alimentary canal in the fully mature sexual individual. 

BRETSCHER points out the resemblance of the highly developed vascular system 
to that of Tubificids. Other Tubificid marks are seen in the comparative absence 
of differentiation in the alimentary canal behind the pharynx; and in the vertical 
muscle of the setal bundles, which passes between the dorsal and ventral bundles of 
the same side of a segment. But there is, of course, no doubt that the genus belongs 
to the Naidide, in virtue of the occurrence of asexual multiplication and the 
characteristic position of the gonads. 

Within the Naididee, the genera Devo, Aulophorus, and Branchiodrilus are re- 
called by the position of the dorsal vessel and the presence of parietal capillaries. 
The limitation of the dorsal sete is reminiscent of Chetogaster, where the dorsal 
bundles have entirely disappeared throughout the body ; there is, however, no reason 
for assuming a direct relationship, and the comparison is of interest only as showing 
an intermediate condition, which, if it were to progress, would eventuate in the total 
absence of the dorsal sete which is characteristic of Chetogaster. The closest 
relationships of Hamonais are quite possibly to Nas itself, where five segments are 
intercalated at the time of fission to form the head of the second animal, and where 
(as presumably originally in Hemonais) the dorsal setee begin on segment vi. 
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EXPLANATION OF PLATE. 


All figures drawn by the help of Zeiss’s Abbé drawing apparatus, and with magnification 190. The 
great swelling of the genital region in the sexual animal is obvious. : 


REFERENCE LErters. 


An., anus ; at., atrium ; ¢.g., cerebral ganglion ; ch/., chloragogen granules ; chl.!, those in the prostomium ; 
chl.™, those behind the cerebral ganglion and over the interior end of the pharynx ; c//.™, those around the 
posterior end of the pharynx; clzt., cells of the clitellum ; ¢.m., circular muscle fibres; d., duct of sper- 
matheca ; d.v., dorsal vessel; e.p., unmodified epithelium between the male pores; lip, lip of everted 
intestinal epithelium at the anus; /.m., longitudinal muscle fibres; in., indifferent cells in the region of 
growth ; p-, parasite in sperm-sac; p.c., peritoneal cells; ‘ph., pharynx ; ph. d., dorsal diverticulum of 
pharynx ; ph. gl., gland cells on pharynx; @., esophagus; sp. s., wall of sperm-sac ; spth., spermatheca ; 

Spe. spermatozoa (the heads are represented by tite black lines ; the non-staining tails, not individually visible, 
are represented by the shading on the dorsal side of the heals); t., testis; v. def., vas deferens ; v.n.-. 

ventral nerve cord ; v.v., ventral vessel. 


Fig. 1. Hemonais laurentit; longitudinal section through anterior end, rather to one side of the 

middle line. : : 

_ Fig. 2. The same; transverse section through middle of pharyngeal region. The dorsal and ventral 
sides are distinguished by the dorsal vessel and ventral nerve cord respectively ; the distortion of shape is 

_ probably due to the specimen having been examined under a coverslip in cedar oil before being sectioned. 

Fig. 3. The same ; longitudinal section through hinder end. The shaded mass ventral to the gut is a 

thick ageregation of indifferent cells, here not individually represented, from which new segments are 

being produced. 

_ Fig. 4. The same; transverse section through the seminal funnels. 

Fig. 5. The same; tranverse section through the region of the atria. : 

Fig. 6. The same; transverse section through the spermathece. The spermathecal pores are at the 

anterior limit of the clitellum ; owing to the specimen having been slightly curved dorsoventrally, it was 

impossible to get accurately transverse sections throughout the series; the present one being slightly oblique 

_ shows the clitellum dorsal to the situation of the pores, but not ventrally. 
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XXJ.—On a Rule of Proportion observed in the Setz of certain Naidide. 
By J. Stephenson, M.B., D.Sc., Professor of Zoology, Government College, Lahore. 


(MS. received January 14,1915. Read February 15, 1915. Issued separately May 11, 1915.) 


The common forked setze which constitute the ventral setal bundles in the 
Naidide possess, like the simple setze of many of the earthworms, a slight swelling 
on the shaft, the so-called nodulus. The setz themselves are the principal organs of 
locomotion, being used as levers, which obtain a hold of the substratum by means 
of their hooked and forked distal ends; and besides being movable in an antero- 
posterior direction they are capable of some degree of protrusion and retraction. 
The position of the nodulus on the shaft is held to reoulate the distance to which the 
seta can be protruded ; though it can be retracted so that the nodulus is below the 
level of the epidermis, it cannot be protruded beyond that degree which brings the 
nodulus level with the surface.* 

To the systematist, the setze are useful as providing criteria for the distinction of 
genera and species ; and are, indeed, in the Naidide by far the most important organs 
for this purpose, since the reproductive apparatus, which would probably furnish 
equally valuable data, is known only in a minority of cases. An accurate description 
of the setz forms, therefore, a chief part in any account of a member of this group. 

Among the characters of the setze which are used by systematists is the position 
of the nodulus on the shaft, whether nearer the distal or the proximal end of the 
shaft ; and also, descending to greater detail, the proportions between the segments 
of the shaft respectively distal and proximal to the nodulus. Comparative observa- 
tions on the position of the nodulus, therefore, may be of value both from a physio- 
logical and a systematic point of view. 

Differences in the position of the nodulus in the ventral bundles of the anterior 
and posterior segments respectively of the same animal are common, and have been 
known and described for some time; e.g., to quote at random :—‘Ceux (the sete) 
des premiers segments ont le nodule un peu proximal, tandis qu’a partir du 6™° 
segment il est franchement distal” (Nas communis, described by Picurr). But 
differences in the position of the nodulus among the sete of a single bundle had not 
attracted any attention till, in a paper published a few years ago,j I called attention 


* Cf. VEIDOVSEY, System und Morphologie der Oligochaeten, 1884 :—“ Es (the nodulus) ist offenbar eine Regulative 
fiir die Hervorstreckung eines bestimmtes Borstentheiles aus dem Leibesschlauche. Der nodulus steckt naimlich 
bestiindig in dem Integument, kann auch tief in die Leibeshohle eingezogen werden, kommt aber niemals, oder nur 
ausnahmsweise tiber die Korperoberfliiche heraus” (p. 74). 

t+ “Studies on the Aquatic Oligochzta of the Punjab,” Rec. Indian Musewm, vol. v, pt. i, 1910, 
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to what at that time appeared to be a peculiarity in a species of Aulophorus found 


in Lahore (A. Stephensoni, Mchlsn.).* 

Here, in both an anterior and a posterior segment, the position of the nodulus 
was found to vary regularly within the bundle, in such a way that while in the 
innermost seta of a bundle the nodulus was slightly proximal to the middle of the 
shaft, in the outermost seta it was markedly distal; and the intermediate sete 
showed intermediate conditions. The actual figures were :— 


(a) Segment iv. total length of setee 58, 58, 62, 54 p, 
portion distal to nodulus 32, 29, 30, 12 p. 
(b) A posterior segment, total length of setee 56, 56, 57, 53 p, 
portion distal to nodulus 29, 26, 22, 18 p. 


The series in each case begins from the innermost seta of the bundle. On 
working out the ratio between the length of the distal segment and the whole length 
of the seta, we find that in the anterior bundle the sete, in order from inner to outer, 
have respectively "55, °50, “48, °39 of their length situated distal to the nodulus; in 
the posterior of the two bundles measured the proportions are ‘52, ‘46, °38, °34. In 
other words, the position of the nodulus becomes regularly more and more distal on 
the shaft from the inner to the outer side of each setal bundle. The condition is that 
illustrated in text-fig. 1.7 

Similar observations on other Naididz since the publication of the above have 
shown that this condition is not confined to the species in which it was first noted. 
I give below the details for the species which I have examined. 


Aulophorus furcatus. 


In the anterior segments (ii-iv) the nodulus is proximal to the middle of the shaft 
in the innermost seta of a bundle (distal to nodulus : proximal to nodulus ::7 : 5); 
in the middle sete it is at the middle of the length of the shaft; and in the outer- 
most it is either at the middle or very slightly distal. 

In the remaining segments (v onwards) the nodulus is usually distal to the middle 
of the length of the shaft, but its position varies as in the example already given ; 
z.e. it is more distally situated in the outer setee of a bundle than in the inert. 
Thus in two cases the proportions of the distal segment (beyond the nodulus) to the 

* The worm was described as “a species of Dero found in Lahore” ; but since the species possessing palps are now 
separated from those without, it becomes an Aulophorus. 

+ The technical difficulties of observations on the setee may be overcome by a method which is well explained by 
Piguet, “Observations sur les Naididées,” Rev. Suisse de Zool., t. xiv, 1906. A living specimen is allowed to remain 
in water under a cover-glass while the water gradually evaporates ; it becomes more and more compressed, and finally, 
flattening altogether, disintegrates, A small drop of glycerin, placed at the edge of the cover-slip at this stage, before 


air is sucked in under the cover, will, as evaporation goes further, enter underneath the cover-slip and convert the 
specimen into a permanent preparation. In successful preparations the sete, which can now be observed flat and in 


one plane, are seen laid out in their proper order and disposition in the bundles, as shown in text-figs. 2 and 3 _ 


(taken actually from a preparation of Hamonais laurenti2) on p. 772 ant. 
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_ whole length of the seta, were :—(i) rather more than ‘5, 47, ‘41, ‘39; (ii) rather 
more than ‘5, ‘46, ‘41. The series run from inner to outer side of the bundle. 


Dero limosa. 


Observations were made on the sete of posterior segments. Where these sete 
are four per bundle, they can be distinguished as two couples, an inner and an outer ; 
the outer couple is the shorter, and is especially short from nodulus to tip; the 
proportions, in a measured example, reckoned as above, being :—inner couple ‘44 and 


—-, 


POSS 


TEXxT-FIe. 1.—Arrangement of ventral sete in a 
number of Naidide (diagrammatic). 


“41, outer couple both ‘30. In bundles of three there is a progression of the same 


Nais raviensis. 


This species, recently described by me (Records of the Indian Museum, vol. x, 
part 6, 1914), shows the relations described above very typically. Taking the sete 
of three segments, the actual lengths of the portions of the setze distal to the nodulus, 
in order from the inner to the outer side, were found to be :— Gi) 20) 7, don W251 poe 
(ii) 20,19, 17, 15 »; (iti) 20, 19,17, 16 #. The proportions in these cases, worked 
out relatively to the total lengths of the setee (which need not here be given), are :— 
m0 39, 35, 30; (11) “43, 41, 39, 86; (iii) “42, “41, °37, 36. 

3 


: Hzemonais lawrenti. 


In the posterior part of the body, the distal segments of the sete become pro- 
_ gressively shorter from inner to outer side of each bundle, thus agreeing with the 
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preceding species. Arranging the figures as before, and giving the actual lengths 
of the distal segments in # :—(i) 45, 42, 32; (ii) 42, 35, 28. 

The difference between the two ends of the bundle is thus extremely marked. 
Further forwards, e.g. in segment xx, it is less marked :—43, 39, 36, 36. Further 
forwards still, the proportions at the two ends of the bundle become equalised and 
finally reversed; thus in segment xiii, where there were only two sete in the bundle, the 
distal segments of the inner and outer sete respectively were 52 » and 50 v in length, 
and the proportions to the length of the whole seta ‘49 and ‘48. In ix reversal had 
taken place :—49 m, 54 ™, 56 » (three setee in bundle), or “48, ‘50, ‘51 of total length. 
In viii the relations were similar (two in bundle) :—lengths of distal segments (inner 
and outer respectively) 49 » and 52 », proportion of length of seta ‘48 and ‘50. Thus 
in the anterior part of the body the inner sete of the bundle have the distal segment 
shorter than the outer setze, both absolutely and relatively to the total length. 


In another group of species represented by Naws communis var. punjabensis and 
Nadium minutum the innermost seta of a bundle has as a rule a longer distal segment, 
relatively and absolutely, than the outermost; but there is no very regular series 
of intermediate steps from one to the other. They thus differ in this latter respect 
from the foregoing species ; the condition is to some extent similar, but less marked. 
The arrangement of the figures is as above, from inner to outer. 


Nas communis, Piguet, var. pumjabensis. 

Four instances may be given :— 
(i) Portion distal to nodulus, in p, 48, 41, 48, 48. 

Proportion of length of seta, ‘49, °45, “44, ‘44. 
(TO) Ab eras Ae eae (ii) " 48, 37 at ree) 

="53, ‘45, °45, ea ='58, ‘44, °46, “43. § 
(uv Ae 87 ae 39 it 

='49, “45, ‘45. 

Nadium nanutum, Stephenson. 

Two examples may be given :— 


(i) 225. Bi ee ee M (it) 25, 25, 2s et i 
="A4. "407 703 de, Be Be alae lado es 20 

Finally, in a form which I have identified with Pristina xquiseta, Bourne, the 

peculiar relation is scarcely recognisable :— 

(i)*) 22° Dip Bl, 19e 220 He (ii) 922; 25, "25 eee eee ‘ 
='44, ‘42, “44, “B38, “49, “49. E-A1,) “44> "440 “Aly ode 

(iii) 23, 23, 23 p) (iv) '- 25, 28,921, Oinuen a 
='46, °46, “46. § ='A7, ‘43,4 Ale 
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The above observations represent all that I have hitherto made on this subject, 
with the exception of a number of specimens of Chetogaster punjabensis, to be 
recounted below. They show— 

(1) That in a number of the Naidide the position of the nodulus varies in a 
regular manner in the set of each bundle; so that, both relatively and absolutely, 
the segment of the seta distal to the nodulus is longest in the innermost seta, and 
becomes progressively shorter towards the outermost seta of the bundle (Aulophorus 
Stephenson, A. furcatus, Dero limosa, Nais raviensis, Hemonais laurentit) ; 

(2) That in another group of species this relation, though distinguishable, is less 
well marked (Nats communis, Naidium minutum) ; while 

(3) In a third group it is scarcely recognisable at all (Pristina xquiseta). 

Though the observations are not very numerous, they show that the peculiarity 
is not a generic character. They indicate, moreover, that in describing the sete of 
the Naididz it is not sufficient to indicate the position of the nodulus in general 
terms, or from an examination ‘of one or two sete only; since even in the same 
bundle its position may be proximal to the middle of the length of the shaft in one 
and markedly distal in another seta. 

The exception above referred to, Chetogaster punjabensis, is characterised by a 
different type of relation. Here the distal segment of the seta is longest in the 
middle setze of the bundle, or at any rate not in the end sete; and the length of 
the distal segment decreases from the sete where it is longest towards both the 
inner and outer sides of the bundle. Thus in the bundles of segment ii the lengths 
of the distal segments, from inner to outer side, were, in u :—40, 54, 59, 75, 77, 69, 
59; and on the other side :—40, 56, 60, 75, 75, 65, 51. 

In the posterior segments this peculiarity, though present, was less marked :— 
48, 50, 50, 50, 44, 37; and in another segment :—48, 50, 50, 44,42, 34. And it may 
even happen that the condition becomes that previously described for Dero, etc. :— 
50, 50, 48, 46, 37. 

Have these peculiarities any meaning? With regard to the one first described, 
and illustrated by Dero, etc. : supposing all the setz of a bundle to be extended to 
their maximum, so that the nodulus in each case comes level with the surface ; the 
setz being all directed forwards, the hook of the innermost seta would reach a little 
further forwards than that of the next, and so on to the seta at the outer side, which 
reaches forwards the shortest distance. The effect would be that in locomotion the 
forwardly extended setz would grip the substratum at different levels. 

This does not actually seem to happen; and a reference to text-figure 1 will 
show the reason. The setee are not arranged parallel to each other in a bundle, but 
diverge like the ribs of a fan, at least when in action. From successful preparations 

by the method previously described it appears that in such a fan-shaped bundle the 
outermost seta, laid out flat, points approximately straight forwards, while the 


others incline more and more towards the middle line; so that the innermost seta 
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has thus a well-marked obliquity. Hence, though the free portion of the inner seta 
is longer, it will not reach further forwards than the outer one. And, as a matter 
of fact, the ends of all the sete of a bundle would appear naturally to le in a 
straight line approximately transverse to the long axis of the body,* the increasing 
leneth of the distal segments of the setee towards the inner end of the bundle com- 
pensating for the increasing obliquity of their disposition. In any case it is probably 
the absolute length of the distal segment, rather than its length relative to that of 
the entire seta, which is of importance to the animal (if indeed the peculiarity is of 
importance). 

In the case of the anterior setee of Chetogaster puny abensis, however, the arrange- 
ment cannot have the effect described. The setze with the shortest free portion are 
here situated at the inner and outer sides of the bundle, those with the longest in 
the middle ; and the very considerable difference in the lengths must result in a 
semicircular arrangement of the points of the sete, when these are put into action 
against the substratum on which the animal rests. 

* The general disposition of the setal bundles in a number of the Enchytraidee appears to be the same—the 
points of the setae being in the same transverse line, and the obliquity of their direction increasing towards the inner 
side of the bundle, though there is no nodulus (compare figs. of ventral bundles in species of Marionina and 


Lumbricillus, in a paper by the writer: “On some littoral Oligochzta of the Clyde,” Trans. Roy. Soc. Hdin., xlviii, 
part i, text-figs. 2 and 3). 
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XXII.—On the Sexual Phase in certain of the Naidide. [. The Anatomy of Sexual 
Individuals of the Genus Dero; with Remarks on Hemonais. II. The Genital 
Organs in the Genus Slavina. By J. Stephenson, D.Sc., Professor of Zoology, 
Government College, Lahore. 


(MS. received January 14,1915. Read February 15,1915. Issued separately May 11, 1915.) 
[Plate LXXX.] 


The Naididee are a family of small fresh-water Oligocheeta, in which the usual 
mode of reproduction is the asexual, by fission; sexual forms are, in general, rare, 
and in the majority of species, and in some whole genera (e.g. Slavina), they have 
not so far been observed at all. Records of the genital organs are therefore of 

interest ; and if they were available throughout the group it can hardly be doubted 

_ that we should be able to judge better of the affinities of genera and species, and 

consequently to improve our classification ; since the diagnoses of species and genera, 

and the scheme of classification, depend at present to an unduly large extent on one 
single set of characters, the form and distribution of the sete. 

The study of sexual individuals of the genus Dero has resulted also in the dis- 
covery of the curious phenomenon of the atrophy of the alimentary canal at sexual 
maturity; this occurs also in Hemonais (v. ant.); it has not hitherto been found 
elsewhere in the Oligochzta, though it is known to occur (apparently in a less 
extreme form) in a number of Polycheetes. 


I. Tae Anatomy or Sexuat INDIVIDUALS oF THE GENUS Dero; WITH 
Remarks oN Hazuowars. (Plate LXXX.) 


Sexual organs are already known in one or two species of the genus Dero, but 
not in the species (Jimosa) with which the following account is mainly concerned. 

The specimens, a description of which is here given, were obtained from the duck- 
pond in the Zoological Gardens, Lahore, in March 1914. The material contained 
other worms, which were also the subject of examination; and the Deros were not 
noticed until about a fortnight afterwards, during which interval the tube had 
remained on the laboratory table. About half a dozen specimens, all sexually 
‘mature, were then obtained; an examination of the setze and gills showed the species 
to be lumosa. 

The genital organs are shown in fig. 1. 

The clitellwm includes the whole of segments vi and vii, and the greater part 


of v; ventrally, indeed, it includes the whole of v, since it reaches the level of the 
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spermathecal apertures; but dorsally it ceases some distance behind the level of 
septum 4/5, and includes not more than the posterior two-thirds of segment v. 

The testes had disappeared. A quantity of spermatozoa were free in segment Vv ; 
and other masses were contained in the sperm-sac, derived from septum 5/6, which 
extended backwards through the sixth, or sixth and seventh segments. The back- 
ward extent of the sperm-sac therefore is, at least in the specimens examined, less 
than in many Naidide ; here the enormous mass of yolk-matter in the ovisac has the 
appearance of preventing any further extension of the sperm-sac. 

The funnels are of considerable size, cup-shaped, with a thickly ciliated margin 
composed of elongated columnar cells; they face forwards in segment v. The vas 
deferens, piercing septum 5/6, has a comparatively wide lumen, and after forming a 
downward loop enters the atrium on its dorsal aspect. The atvvwm is a large globular 
chamber, in segment vi, with moderately thin walls composed of a single layer of 
cubical cells and a thin muscular investment, outside which the peritoneum is indi- 
cated in sections by a few scattered nuclei; there are no glandular cells in connection 
with vas deferens or atrium. The atria seem regularly to contain masses of 
Spermatozoa. 

The ejaculatory duct is slightly invaginated upwards into the atrial chamber ; it 
is Short, not more than half the height of the atrium in length ; its lumen is narrow 
and circular ; outside the epithelial lining is a coat of circular muscular fibres, and 
external to this a thick investment of small peritoneal cells, each cell consisting of 
little except a nucleus. Also to be distinguished around the duct are a number 
of elongated or stalked cells, possibly glandular and belonging properly to. the 
epithelial layer of the duct. 

The male aperture occupies a position corresponding to that of the ventral setal 
bundle of segment vi; there are no genital or other setze in this position. 

Ovaries and ovarian funnels were not seen; and the female organs were 
represented in these specimens only by the ovisac, originating from septum 6/7 and 
stretching back through segments vii-x. This seems to be filled, in the specimens 
examined, by one huge egg, of an elongated and rather sausage-shaped form corre- 
sponding to that of the sac—or at any rate by an aggregate of yolk-granules such as 
are commonly seen in the ova of the Naidide. These yolk-granules may*even be 
seen In segment vi, extending forwards as far as the posterior surface of the atrium. 

The spermathece are in segment v—large ovoid sacs, with thin walls, the 
epithelial layer of which is composed of rather flattened cells; in places the flattening 
may go further, and the wall may be much attenuated. A thin muscular coat can be 
made out in places. Their bulk, and the bulk of the atria behind them, may cause 
the spermathecze to be displaced forwards, so that they appear in front of the 
clitellum ; and, indeed, by causing a forward bulging of septum 4/5 they may even 
reach the level of the sete of segment iii. They contain masses of spermatozoa, not 
spermatophores. The spermathecal duct is narrower at its aperture than above 
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where it joins the ampulla; it is not as long as the ampulla, and opens on the surface 
in front of the ventral setze of segment v, about the position of septum 4/5. 

The alimentary canal in these specimens showed the following very curious 
condition (fig. 3). 

There was no mouth opening; the epithelium clothing the anterior lip turns in 
at the site of the mouth and can be followed for a short distance as a definite layer 
of cells (the former anterior or dorsal wall of the buccal cavity); the epithelium of 
the posterior lip, however, fuses with this layer without itself turning inwards. 
The buccal cavity is no longer a cavity, but a sheet of cells for the most part 
disintegrating. ' 

The pharynx is represented by a mass of cells without epithelial arrangement, 
with spaces between them, but no continuous lumen; many of the cells are disinte- 
erating ; the mass is enclosed within a basement membrane, outside which are a few 
peritoneal cells. Posteriorly and dorsal to the remains of the pharynx is a mass of 
large round cells, a large part of each being constituted by the nucleus. 

The gut is continued back from the remains of the pharynx as a narrow fibrous 
band, dorsal to the nerve-cord and ventral vessel, without lumen, and in the genital 
seoments invested by a quantity of granular matter. 

Behind the ovisac, in segment xii, a lumen first makes its appearance. This 
consists at first of a series of irregular isolated cavities, cut off from each other by 
degenerating masses of cells; the whole width of the intestine is much less than 
under usual circumstances. Further back, in the middle of the body, the gut 
possesses a continuous lumen; the lining epithelium is much altered and highly 
degenerate ; cell outlines are not to be made out, and the epithelial layer consists of 
a thin layer—much less in height than the normal columnar cells—of cytoplasmic 
material with occasional nuclei. The cavity is filled with a semi-transparent, colour- 
less, finely granular mass. 

This condition is continued to the posterior end of the body, where the lumen 
may again be absent. The gills are small, and appear much shrunken ; in sections 
they have lost the definite and typical structure which characterises them in the non- 
sexual individual. 

The cerebral ganglion and ventral nerve-cord are maintained in apparently their 
normal condition; and so also the nephridia and blood-vessels. That the animals 
were normal and not pathological was shown by their powers of active locomotion ; 
on being disturbed in the slightest they executed the most violent wriggling move- 
ments, rather like those of some insect larve. 

In looking through my collection of slides to see if I might confirm this curious 
atrophy of the alimentary canal, I was fortunate enough to come on a series of 
longitudinal sections of a sexual Dero, made a few years ago. The species was not 
identified at the time, but it appears from my notes on it, and from the specimen 
itself, not to be D. limosa. 
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The condition (fig. 2) has here not advanced quite so far, but the changes are 
essentially the same. The buccal cavity is patent for a short distance from the 
mouth opening, but is quite shut off from the pharynx. The pharynx appears as a 
closed ovoid sac, the lining epithelium of which still appears dorsally as a layer of 
columnar cells, but ventrally is not so high and is losing its cellular character; the 
interior is filled with débris. On the dorsal side of the pharynx, outside the 
muscular layer, is a considerable mass, in which cell outlines are no longer to be 
made out. 

The cesophagus is a narrow band, quite impervious, showing numerous nuclei and 
longitudinal muscular fibres. Behind the genital segments the gut, though still 
narrower than normal, and no longer dilated between the septa, becomes pervious 
again—at least in places, though it is largely blocked by epithelial débris. The 
epithelium of the intestine is much altered, and shows intense degenerative changes. 
It is lower than normal, and the cells are often largely vacuolated ; sometimes 
eranular inclusions are present in the vacuoles, at other times they appear empty ; 
in some cases the nucleus only is left, in a large empty space, and it also may be in 
process of losing its staining power. Many degenerate cells appear to have loosened 
themselves from their attachment, and help to block the lumen of the canal. 

The condition may be compared with that described for Haemonms laurenti 
(p. 779 ante); the atrophy of the canal is here even more profound than there. 

The curious degeneration of the alimentary canal in the sexual animal, here de- 
scribed, has not so far been met with, I believe, in the Oligocheta. In the Polycheta 
a somewhat similar condition has been found in a number of families; the data have 
been summarised by Potts (“ Methods of Reproduction in the Syllids,” Hrgeb. u. 
Fortschr. d. Zoologie, vol. iii, 1913), from whose paper the following facts are taken. 
Thus, among the Syllids, the sexual forms of Odontosyllis show no modification of 
pharynx and proventriculus, but the intestine undergoes a certain shrinkage in size, 
and signs of cellular degeneration are seen in sections; in Autolytus maculatus, in 
the latter stages of the growth of the gonads, there is a corresponding shrinkage of 
the alimentary canal; the same has been observed in Hxogone. In other families 
Glycera capitata, Palolo viridis, and various Phyllodocidee undergo a similar change. 
In Notomastus lineatus the degeneration of the intestine leads first to an elongation 
of the tube, in consequence of which it is thrown into numerous windings; the cell 
boundaries become obscure, the nuclei increase in number, globular highly refracting 
bodies appear in the cytoplasm, and the epithelium is finally reduced to a single 
layer of plate-like cells only 2 # thick. In Dodecaceria concharum the diameter of 
the gut is markedly reduced; there is always a continuous epithelium, but the 
number of cells is reduced enormously. In neither of the last two cases can the 
atrophy of the intestine be attributed to the pressure of the genital products. 

In Dero the atrophy goes much further than in any of the above instances. The 
mouth aperture disappears, and the buccal cavity, pharynx, and cesophagus, as well 
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as the intestine, are profoundly affected; the canal becomes impervious for long 
distances and is represented merely by a narrow cord. In Hemonais the appearances 
are similar, though not (in the specimens which I examined) quite so extreme. As 
in the Polycheta above described, the atrophy cannot be caused merely by the 
pressure of the genital products; it occurs over a far more extensive region than 
that occupied by the genital organs; and (cf. figures of transverse sections of 
Hzmonais) no particular compression is exerted on the tube even in the genital 
segments themselves. It would appear that the attainment of sexuality marks the 
end of the individual's life, and that the material of the alimentary wall, being now 
no longer of use, is in some way brought into solution and added to the reserves 
of the ova. 


IJ. THe GENITAL ORGANS IN THE GENUS Sz4vina, (Plate LXXX.) 


The reproductive organs appear to be unknown as yet in any species of the 
genus Slavina. 

The material from which the sexual individuals here described was obtained, 
was taken in March 1914 from the duck-pond in the Zoological Gardens, Lahore. 
The specimens belong to the species which I have described (Mem. Ind. Museum, 
vol. i, No. 3, 1909) under the name of Slavina punjabensis.* A semi-diagrammatic 
illustration of the genital region is given in fig. 4. 

The clitellwm is not very obvious; it includes seements v, vi, and vii. 

The testes were not visible in the fully mature animal; in a specimen which was 
only in the earliest stage of the development of the reproductive organs, the testes 
were seen as large masses in segment v, attached to the posterior face of septum 
4/5 near the junction of the latter with the ventral body-wall; each constitutes an 
elongated mass stretching upwards and backwards. 

The sperm-sac, in the mature animal, is a diverticulum backwards from septum 
5/6, with a wide anterior opening, which is partially closed by the male funnels. 
The sac extends back through segments vii and viii, it may be as far as x; it is 
contained (behind the level of septum 6/7) within the ovisac. 

The male funnels are of fair size, and face backwards into the sperm-sac, the 
opening of which they thus partially fill up. The vas deferens leads directly 
downwards for some distance, supported by septum 5/6; then entering segment vi, 
it shortly afterwards turns upwards, thus forming a loop with its convexity down- 
wards; the ascending limb of the loop is quite short, and the duct soon enters the 
atrium on the anterior face, much below the middle point of the height of the latter. 
The nuclei of the vas are oval, and transversely placed with regard to the axis of the 
tube ; its diameter is 12-18 mu. 

The atrium is a large subspherical mass, taking up the whole length of seement 


* Michaelsen (“‘ Die Oligochacten Columbias,” Mém. Soc. Neuchdteloise des Sc. Nat., vol. v, 1913) thinks my form is 
identical with S. appendiculata (Udek.). [ am not yet convinced that this is so ; but the description here given will, 
when the discovery of sexual individuals of S. appendiculata allows a comparison to be made, decide the matter. 
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vi (7.e. the interval between septa 5/6 and 6/7). Its cavity is of considerable size, 
and rather pear-shaped in outline; it is filled with a clear homogeneous material, 
staining slightly with eosin. The lining epithelium is columnar, the nuclei and 
stainable protoplasm of the cells being situated peripherally, the greater part of the 
cells being non-stainable and appearing to be filled with droplets of a clear, perhaps 
mucous, substance. Outside the epithelium is a thin muscular layer; and outside 
this a layer of cells (“ prostate”) of large size, slightly staining, the cell-body having 
a reticular structure; this reticulum is the only thing which takes the stain, the 
included spaces being quite clear. These cells are presumably not glandular, since 
they belong to the peritoneal layer, and though sometimes attached by a tapering 
stalk-like end to the atrial wall, do not, so far as can be seen, penetrate the muscular 
coat to enter between the lining cells of the atrial chamber ; indeed, in many, perhaps 
most, cases, they are, though adherent amongst themselves, distinctly separate from 
the muscular coat. Moreover, similar cells are to be seen in clusters attached to the 
inner surface of the body-wall near—especially just posterior to—the termination 
of the male duct. These peritoneal cells over the atrium are arranged in small 
clusters, which gives the surface of the atrium a lobulated appearance, and disguises 
the proper pyriform shape of the chamber. The ejaculatory duct, short and narrow, 
leaves the atrium ventrally; the nuclei of its wall are closely crowded together ; 
around its opening, as just mentioned, are groups of peritoneal cells attached to the 
inner surface of the body-wall. 

The ovaries are in segment vi, in a position corresponding to that of the testes 
in the next anterior segment. In the very early sexual specimen mentioned 
previously they were smaller than the testes, and therefore probably appear after 
them; they were still present in one of the fully mature specimens, in which the 
testes had disappeared. The ovisac, developed from septum 6/7, and enveloping the 
hinder part of the sperm-sac, is single, and extends backwards for a distance which 
varies in different specimens; it may reach the level of the anterior part of seement 
xi. No trace of ovarian funnels could be seen in any of the specimens. 

The spermathece are in segment v, with their external apertures between 
segments iv and v. Each consists of a duct and an ampulla. The duct is vertical 
or slightly oblique in position, cylindrical in shape, with a narrow aperture and 
lumen, the latter lined by a small-celled epithelium with tightly packed nuclei. 
The duct presents a characteristic appearance in specimens stained and mounted 
whole, or in sections which cut the surface of the duct tangentially; the nuclei 
of the wall appear deeply staiming, closely packed, and much elongated in a direction 
transverse to the long axis of the duct. External to this epithelial layer is a stout 
layer of circular muscular fibrils, without nuclei; and this in turn is invested by a 
few scattered small peritoneal cells, of which the oval nuclei are the most conspicu- 
ous part. At its upper end the duct is invaginated upwards into the cavity of the 
ampulla. The diameter of the duct is about 30 m. 


5S 
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The ampulla of the spermatheca can again be divided into two portions, an outer 
(i.e. nearer the exterior, and communicating with the duct) and an inner. The 
outer portion is a small ovoid chamber, fairly constant in size in the different 
specimens, lined by a well-marked epithelium of a low columnar, almost cubical type, 
the cells having spherical nuclei larger and much less close together than in the 
duct. This is continued upwards into the inner portion, which is distinguished 
by having thinner walls, and by being much more variable in size and shape than 
the parts of the spermathecal apparatus already considered. The whole ampulla, 
inner and outer portions together, has a more or less sausage-shaped form, or some- 
times resembles a bent finger; the innermost portion may be considerably dilated. 
Its terminal blind end lies some distance below the dorsal body-wall, and as a rule, 
owing to the backward curve of the ampulla, in the hinder part of the segment, 
near septum 5/6; or, stretching further back still, it may enter the mouth of the 
sperm-sac. The thickness of the wall of this inner portion of the ampulla varies ; 
it is less than that of the outer portion, and may indeed be much attenuated ; it 
may vary from one part of the circumference to another in the same section. The 
muscular and peritoneal investments are much thinned out. 

Penal sete occur at the male aperture. They are the ventral sete of 
segment vi, which at this period present special characters (fig. 5). They seem 
to be usually one on each side; in one specimen one of the bundles contained three. 
They are 96 in length (the setze of the next succeeding segment in this case measured 
125 »), and end distally in a single hook ; there is no distinct nodulus, but the shaft 
is thickest one-third to one-quarter of its length from the distal end. 


EXPLANATION OF PLATE LXXxX. 


Figs. 1 and 4 semi-diagrammatic ; 2 and 3 drawn by means of Abbe’s drawing apparatus (Zeiss). 

Fig. 1. Dero limosa; genital region. x ca. 120. Amp., ampulla of spermatheca; atr., atrium; 
clit., clitellum; d., duct of spermatheca; 7, male funnel; p., peritoneal cells; ov., ovum; ovis., ovisac ; 
8.S., sperm-sac ; v.d., vas deferens; ¢, male aperture. 

Fig. 2. Dero sp.; anterior end of sexual specimen, showing commencing degeneration of alimentary 
canal. x100. Aér., atrium; 0.c., buccal cavity; c.g., cerebral ganglion; clvt., clitellum; d.v., dorsal 
vessel; f., male funnel; m., muscular layer of body-wall; m.ap., mouth aperture; ph., pharynx ; 
@s., esophagus; spth., spermatheca; v.n.c., ventral nerve-cord; v.v., ventral vessel. 

Fig. 3. Dero limosa; anterior end of sexual specimen, with advanced degeneration of alimentary canal. 
x160. The muscular coat has separated from the epithelium in the region in front of the clitellum; the 
large mass of cells dorsally on the cerebral ganglion are probably wandering cells, not nerve cells. Lettering 
as for fig. 2. 

Vig. 4. Slavina punjabensis ; genital region. x ca. 100. The atria are naturally one on each side of 
the single sperm-sac, which is a diverticulum of septum 5/6. The ovary is shown, attached to septum 
5/6, near the lower part of the vas deferens. Lettering as for fig. 1. 

Fig. 5. The same; genital seta. x 550. 
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XXIII.—Geological Observations in South Georgia. By D. Ferguson, Mem. Inst. M.E., 
F.R.G.S. Communicated by Professor J. W. Grecory, D.Sc., F.R.S. 


(MS. received March 2, 1914. Read July 6,1914. Issued separately May 20, 1915.) 


[Plates LXXXI-XCI.] 


CONTENTS. 

PAGE PAGE 
Introductory : < 5 Uo The Geological Age of the Rocks of South Georgia 812 
South Georgia : Position of the See, ‘ a AY Concluding Observations. : ‘ . 813 
Physical Character of South Georgia . é 98 Explanation of the Plates. : . 813 
Previous Geological Literature. : ; . 800 Appendix on the siete aa By Professor 
The Rocks of South Georgia. : 5 ; . 802 GREGORY . : . 814 
Local Distribution of Rocks. . . . . 805 

INTRODUCTORY. 


In the investigation of a remote and isolated island for mineral and metalliferous 
deposits its geological structure and the character of the rock masses of which it is 
formed are of primary importance. Where the evidences of metalliferous deposits 
are more or less openly and widely exposed the geological structure, while still of 
interest, is not so important. Ore deposits, as a rule, occur in rock-bodies which 
have definite relations to each other, a characteristic geological structure. 

In the island of South Georgia, where the exposed evidences of metalliferous 
ores are very slight, the investigation of its rock-bodies, their character and 
geological structure, is a necessity. By making an examination of that kind, we 
endeavour to ascertain if there may be concealed ore-bodies which further exploratory 
prospecting may with a reasonable probability expose to view. Where the peculiar 
types of geological structure generally identified with metalliferous ore-bodies are 
not sufficiently developed, only small and scattered ore deposits can be reasonably 
anticipated. ‘The presence of metalliferous ores in an indefinite form over any area 
under investigation necessitates a more detailed examination of it, in order that no 
evidence bearing on their possible occurrence may be omitted. The island of South 
Georgia is an area of that kind, and the prospecting work undertaken there was 
conducted in conformity with that opinion. 


Soutu Grorcia: PosiTion oF THE ISLAND. 


The island of South Georgia occupies one of the corners of an irregular four- 
sided figure, while the Falkland Islands, the South Orkney Islands, and the South 
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Sandwich Islands are severally at the other three corners. The position in relation 
to these other islands may be defined as follows :— 


From South Georgia (Leith Harbour) to Port Stanley, Falkland Islands is about 
890 miles in a direction N. 80° W. 

From South Georgia (Leith Harbour) to the South Sandwich Islands is under 
400 miles in a direction 8. 67° EH. 

From South Georgia (Leith Harbour) to the South Orkney Islands is under 
600 miles in a direction 8. 30° W. 


The position is more definitely fixed by the latitude and longitude of Cape 
Saunders at the north-west entrance to Stromness Bay and Leith Harbour, and that 
of King Edward’s Point, Cumberland Bay, on which is situated the meteorological 
station of the Argentine Government. 

Their positions are as follows :— 


Cape Saunders—Lat. 54° 9’ 8., long. 36° 32’ W. 
King Edward’s Point—Lat. 54° 18’ 15” S., long. 36° 26’ 15” W. 


The position of the observation point at the head of Moltke Harbour, Royal Bay, 
used by the German Meteorological Expedition of 1882, has also been carefully 
determined and found to be :— 


Lat. 54° 30°53" S., long.36- 5 447 Ww. 


The central position of the island, and its most prominent and elevated feature, 
is the crest of Mount Paget, rising 8383 feet above sea-level, and overlooking 
Cumberland Bay, about 10 miles south of King Edward’s Point. 


PHYSICAL CHARACTER OF SOUTH GEORGIA. 


From whatever direction the island is approached its coasts are rock bound, and 
more or less precipitous. No open beach or detrital flat exists anywhere on its 
outer margin. There is a valley about a mile wide in Moraine Flat, which runs up 
from the enclosed south-west rim of Cumberland Bay, near King Edward’s Cove, for 
about 4 miles to an ice-field and glacier. There are also several patches of detrital 
flats and moraines, which probably occupy hollows scooped out by glacial action. 
Leith Harbour is one of these; Husvik Harbour, where the Bucentaur Whaling 
Company is located, is another; Elsie Harbour and Adventure Harbour, on the north- 
west corner of the island, originally scooped out by ice into one channel, have been — 
separated into two safe refuge anchorages by morainic detritus blocking up several 
miles of its centre. 

The coast, always rock bound, has generally a stern and rugged appearance, not 
unlike parts of the north-west Highlands of Scotland. Along the north-east coast, 
running from north-west to south-east, the outer escarpments are succeeded inland by 
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rocky heights, having ice-fields in every hollow, and eventually culminate in the 
central or Allardyce range of mountains. The central range, except in steep rock 
escarpments and splintery crests, is covered with a permanent cap of ice-fields 
and snow. 

Mount Paget, the highest point of the central range, 8383 feet above sea-level, 
has almost vertical escarpments of gnarled rusty-brown rocks which reach to its 


summit ; the escarpments are surrounded by ice-fields and glaciers, which slowly flow 


down to the edge of the Nordenskjéld, Moraine Fiord, and Moraine Flat Glaciers in 
Cumberland Bay. 

Looking up Cumberland Bay on a fine clear day, rather an event in South 
Georgia, we have a magnificent view of the steep walls of uniformly bedded and 
stratified rocks, which run into narrow chasms and gorges, like Moraine Fiord, and 
rise into frowning reddish-brown ramparts and walls to the crest of Mount Paget, 
the Sugar Loaf, and the Nordenskjéld Peak. The red-brown colour of the rocks is 
contrasted perfectly with the sparkling white of the ice-fields and glaciers, and presents 
to the eye a view of lake and mountain scenery at once grand and picturesque. 

There can be little doubt that the north-east coast of South Georgia has that 
definite arrangement of naked rocky heights and exposures, ice-fields and glaciers, 
which give it the premier place for picturesque and grand scenery over all the 
other Antarctic and semi-Antarctic islands with which it is indirectly grouped: the 
South Orkney, the South Sandwich, and the South Shetland Islands. 

The south-west coast of South Georgia, extending from Cape Nunes past 
Annenkov Island to the Novosilski Bay, is one vast sheet of ice, through which 
Mount Paget can only be distinguished by its great height. This coast is probably 
much indented, as rock escarpments form the coast-line, and inlets open into the 
interior at various points; but they are filled up with ice, which terminates in 
glacier edges at sea-level. 

The mass of South Georgia owes its existence to-day to the character of its 
rocks, and to crustal movements which date back to a remote geological period. 
The ice-fields and glaciers may be attributed to the influence of the great land 
mass of the now well-defined continental area of Antarctica. The existence of 
that huge continent, wreathed in one vast ice-cap, is sufficient to account for the 
rigorous climate of South Georgia. The fact that the south-west coast of the 
island is much more under the influence and presence of the ice-cap and glaciers 
than the north-east coast, is evidence in support of that view. 

The northern coast of Newfoundland, of which the writer has had experience 
along Notre Dame Bay, up to the Straits of Belleisle, nearly corresponds in northern 
latitude to South Georgia in southern latitude. However, it is warmer in summer, 
and consequently permanent ice-fields and glaciers do not exist. There is no polar 
continent sending its cold winds over Newfoundland, although to some extent 
Greenland is a refrigerating influence. Again, South Georgia has no such beneficial 
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influence as the Gulf Stream. The more open character of the scenery and the less 
rigorous character of the climate on the north-west and south-east coasts of South 
Georgia, in contrast to the coasts exposed to the polar influences, must be attributed 
to the winds from the north-west, north, or north-east. 

The line of permanent snow on the coast facing the north-east is at not less than 
2000 feet above sea-level. Even here, however, ice-fields and glaciers extend down 
to sea-level; but these are due to ice formed above the line of perpetual snow, 
pushing its way down to sea-level. 

Coronda Peak, overlooking Leith Harbour to the north-west, is 1400 feet above 
sea-level ; Spencer Peak, in Cumberland Bay, 1700 feet above sea-level; and the peak 
above Moltke Harbour, Royal Bay, 2297 feet above sea-level, are clear of snow in. 
summer. The hollows in each of the ranges from which these peaks rise have 
permanent ice in them, and streams of water run from the melting edge. The 
existence of the streams is due to small cirque-like hollows, into which the sun’s 
rays penetrate sufficiently to keep them active. 

South Georgia is a mere rock fragment rising out of the South Atlantic. It has 
a rigorous climate, which is not, however, detrimental to men of ordinary sound 
physique. The ice-fields and glaciers cannot fail to keep down the average tem- 
perature, but they furnish the island with copious supplies of the purest water. 

The island as a whole is a lenticular rocky mass, with Mount Paget as its central 
altitude, from which it slopes down into the sea to the north-west and to the south- 
east. Its greatest width, across Mount Paget, is a distance of about 30 miles. The 
axis of the island and also the general strike of its rock-bodies is also the axis of 
the central range of the Allardyce Mountains. 


PREVIOUS GEOLOGICAL LITERATURE. 


Captain Cook called the island Georgia in honour of King George III. He sailed 
down the north-eastern coast from Willis Island to Cooper Island, at the south-east 
extremity. We owe to this explorer the names of many of the promontories and 
bays, first discovered by him, and now familiar to navigators in the South Atlantic. 
Possession Bay was named by Captain Cook on account of his landing there and 
taking possession of the island in the name of King George III. He refers to rocky 
islets and rocky hillocks but does not give any details of geological structure. 

He makes the interesting statement that he did not find a stream of fresh water 
on the whole coast, and that only along the escarpments of the north-eastern coast 
is there warmth enough to melt the snow. In recent years the whaling industry 
has obtained ample supplies of the purest fresh water, flowing from the base of the 
glaciers, on the north-eastern coast. 

Captain James WEDDELL™* also visited the island, and described it as so deeply 


* JAMES WEDDELL, A Voyage towards the South Pole, pp. 50-54. 
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indented that boats are frequently transported overland from one coast to the 


other. 

Dr Orto NorpEnskJOLD* states that the general features of the South Georgian 
landscape are similar to those of Spitsbergen. Mountains and fiords follow each 
other in the same way, but the fells of South Georgia rise from the coast in most 


places precipitously to almost inaccessible ridges. He describes this island, situated 


in lat. 54° S., as having glaciers as large as those of Spitsbergen, in lat. 80° N. He 
found traces everywhere in Mai Viken, Cumberland Bay, of a former ice-covering with 


-morainic gravel, and beautifully striated stones, which proved that an immense mass 


of ice had once filled the entire valley. During a visit he paid in 1902 to Moraine 


Fiord in Cumberland Bay, he discovered the first fossil found in South Georgia, 


imbedded in an enormous block of stone. 
K. Fricker { in his account of South Georgia adopts the view that it is connected 
with the Cordilleras of South America and with the South Sandwich Islands. He 


considers the outline, the narrow extended form, and the deep fiords prove the fact 


that in South Georgia we have a portion of a broken and submerged mountain chain. 
He quotes the geological features described by Hans Tuiracn, the geologist of the 
German Meteorological Expedition of 1882. Near Royal Bay the rocks are clay 
slates, alternating with phyllite gneiss, upon which follows clay slate, alternating 
with quartz slate, and he says that huge banks of shale or diabase-tuff and sandstone 
oceur near the Weddell Glacier. 

Dr Fritz Herm,{ geologist to the German Antarctic Expedition (1911), led by 
Lieut. FincHner, states that the rocks at Royal Bay are chiefly phyllites, schists, 
and tuffs(?) of unknown age, and that the rocks have a north-west and south-east 
strike and a southerly dip. According to his observations, the entire north coast, 
with the exception of Royal Bay and part of Cumberland Bay, appears to be built 
up of interstratified dark-grey to bluish-grey schists and greenish tuffs. The rocks 
of Royal Bay are of different appearance from all seen on the north coast, and also 
from those in the inlets east of Royal Bay. He considers, despite the scanty obser- 
vations yet made, that South Georgia is a folded mountain chain, the general strike 
of the folds probably coinciding with the strike of the island. Volcanic rocks were 
discovered from Novosilski Bay round to Drygalski Fiord on the south-east end of 
the island. In Larsen Harbour pebbles of crystalline rock of dioritic habit were 
found ; and at Slosarczyk Fiord, everywhere in the moraines, numerous blocks of acid 
rock of granitic type occurred. He gives a qualified support to the view that South 
Georgia is allied to the Patagonian Cordilleras. 


* Orro NoRDENSKJOLD, Antarctica, p. 340; and “Die schwedische Siidpolar Exped. und ihre geographische 
Tatigkeit,” Wissensch. Ergeb. schwedisch. siidpolar-Exp., 1901-03, 1, i, 1911, p. 211. 

+ K. Fricksr, The Antarctic Regions, 1900. 

t Fritz Herm, “Geologische Beobachtungen iiber Siid-Georgien,” Geologie der deutschen Antarktischen Expedi- 
tion, Zert. Ges. Hrd., Berlin, 1912, No. 6, pp. 451-6. 
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THE Rocks oF SoutH GEORGIA. 


In a small island rising out of the Atlantic, and remote from any other land area, 
a volcanic origin may reasonably be expected. The Canary Islands, Madeira, the 
Azores, Cape-Verd, Ascension, St Helena, Tristan da Cunha, and other Atlantic islands 
are of volcanic origin. South Georgia is a- striking exception. It is a mass of 
sedimentary rocks. Its coasts are formed of stratified rocks, indurated generally in 
places occasionally somewhat altered by pressure-metamorphism. 

With the exception of two comparatively small exposures of sedimentary rocks 
in Cumberland Bay and Cape George Harbour, the stratified rocks belong to one 
main series, which may be conveniently called the Cumberland Bay Series, and 
divided into upper, middle, and lower divisions. The older rocks exposed in 
Cumberland Bay and Cape George Harbour, and separated from the Cumberland Bay 
Series by a well-defined unconformity, we have named the Cape George Series. 


Cumberland Bay Series, Upper Division (Creamy-White Rocks). 


These sedimentary deposits overlying, as they do, the rusty-brown rocks, oceupy 
the highest horizon in the island. Though not all creamy white, that colour pre- 
dominates. There is no apparent break in continuity between this and the middle 
division or between the middle division and the lower division. The rocks of the 
upper division show a grey colour on a fresh fracture, but differ little in texture from 
the underlying brown rocks. The junction is not very clearly defined. Elsie Harbour, 
on the north-west corner of the island, is situated right on the apparent junction. 
The rocks on the south-east side are of the rusty-brown division, and on the other 
side are the bluish or purple-blue shales of Bird Island. The shales which form a 
considerable part of Bird Island pass up into the creamy-white rocks of the central 
part of the island. 

The purple-blue shales descend below sea-level at Cape Pariadin, and only the 
overlying creamy-white rocks are exposed in that promontory. The thickness of the 
shales cannot be accurately estimated owing to folding, but it may be from 300 to 
500 feet. The thickness of the creamy-white rocks above may be provisionally put 
at 1000 feet. The finest exposure of the rocks of this upper division is at Cape 
Pariadin, where they contain volcanic tuffs. Other good exposures are provided by 
the escarpments of Cooper Island and the adjacent mainland. Owing to the difh- 
culties of landing, no specimen was obtained from Cooper Island. 


The Cumberland Bay Series, Middle Division (Rusty-Brown Rocks). 
The north-west and south-east coast is occupied for a great part of its length by 
rocks of rusty-brown colour. They form a distinct group which is easily distinguished 
and is useful as an horizon in locating the positions of the rocks overlying and under- 
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lying them. The colour is due to the oxidation of ferrous iron in the rocks to the 
ferric state. The colour is superficial, as the rocks are greyish on a fresh fracture, 
They are generally crumpled and indurated. They are highly siliceous, and while 
some of them are fine-grained others are more or less gritty. Interbedded with them, 
in places, are still coarser rocks which may be regarded as fine conglomerates. There 
are also interbedded black shales which are not of great thickness in any one body. 
There are also beds of volcanic tuff. 

The black shales are finely fissile, and slides cut from them show a cherty 
structure with usually a carbonaceous and fine-grained matrix. The shales, although 
black when freshly fractured, take the rusty-brown colour of the great mass of the 
rocks with which they are interbedded, so that their presence is generally obscured 
in the numerous exposures on the north-east coast and in the adjacent glens and 
fiords or gorges. 

The rusty-brown rocks are not only the best horizon for determining the strati- 
graphical succession of the various rock-forming bodies in the island, but their pro- 
nounced colour differentiates them sharply from the rocks above and below them. 
They are also useful in giving us an idea of the total rock thickness. There are compact 
masses of these rocks at Leith Harbour and Port Gladstone, the latter rising to an 
exposed thickness of about 1500 feet, and resting on an exposure of 133 feet down to 
sea-level of the rocks underlying them. ‘The exposure is in the steep sloped hill at 
the head of Port Gladstone Harbour (PI. XC, fig. 2). 

A much greater thickness is exposed in Moraine Fiord, Cumberland Bay, and in 
the rocky escarpments on the shoulders of Mount Paget. There is an apparently 
continuous body of these rocks, rising to the top of the wall-like escarpment shown 
in Pl. LXXXVII, fig. 2. As there is no break in continuity with the rocks under- 
lying them, only a change of colour, we have from the sea-level in Moraine Fiord 
to the top of the big escarpment a thickness of 4200 feet. 

Unless there is some concealed line of faulting, that thickness is entirely composed 
of stratified rocks in regular and unbroken succession. As the rocks underlying the 
rusty-brown rocks rise to a considerable height in Moraine Flat and the north-west 
side of Moraine Fiord, a part of the total thickness must be attributed to them. 
A rough approximation is about 3000 feet of rusty-brown rocks and 1200 feet of the 
lower rocks. 


Cumberland Bay Series, Lower Division (Dark Shales, Greywackés, 
Tuffs, Gritty Shales, etc.). 


These rocks are the downward continuation of the rusty-brown rocks, without 
an apparent unconformity. They are much the same in texture as those above them, 
but dark fissile shales reach considerable thicknesses in this division, and collectively 
are the predominant rock. They alternate with gritty and fine-grained arenaceous 
shales, with coarser arenaceous rocks which may be regarded as greywacké, and with 
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volcanic tuffs. There are rounded and angular felspathic grains in the greywacké, 
and their prevailing grey colour, contrasted with the black of the shales, gives a 
distinguishing shade to the rocks of this division. 

The total thickness of the rocks of the lower division is not disclosed in any of 
the exposures seen, as they invariably descend below sea-level; and when we do find 
rocks unquestionably underlying them, they are covered unconformably by the rusty- 
brown rocks. The lower division may also end downward in an unconformity. 

The unconformity between the oldest rocks and the rusty-brown rocks, which 
are apparently conformable with the dark shales and greywacké division, shows also 
that the dark shales and greywackés filled up the hollows in the old land surface 
on which they were laid down. The higher ground of the old land surface was 
sufficiently elevated to be only completely covered when the lower portion of the 
rusty-brown division was being deposited. 

The greatest thickness of the dark shales and greywackés will be above the 
deepest hollows of the old land surface on which it was deposited. So far as present 
observation has been made these are not exposed, and we cannot therefore state 
definitely the full thickness. It is not likely, however, to exceed greatly the thick- 
ness exposed in Cumberland Bay, about 1200 feet. 

Diabase.—In the black shales of this division in Moraine Fiord, Cumberland Bay, 
there is a sill of diabase. It was probably intruded during the deposition of the 
rocks of the middle division, and was contemporaneous with volcanic eruptions which 
took place when the lower beds of that division were laid down. There are much 
volcanic debris and some tuffs in the beds of the middle division, and their red rusty- 
brown colour is very probably due to the decomposition of the trachytic lavas. 


Cape George Series (Greenish-Grey Rocks). 


These rocks occupy the lowest geological horizon on the island. They are 
separated, as already noted, from the rocks overlying them by an unconformity. 
The irregularities of their upper surface form the heights and hollows of an old land 
surface. They were tilted and probably folded before the beginning of the denuda- 
tion which shaped the old land surface. 

They are of a glistening greenish-grey colour, phy banded, and intone hard. 
The banding is a secondary cleavage which shows “ Augen” structure, and both this 
and the indurated character of the rocks are due to crustal or folding movements, 
producing pressure-metamorphism. 

They were only seen in two detached small masses, one on the south-east shore of 
Cumberland Bay, adjacent to Moraine Fiord, and the other in the harbour of Cape 
George and the glacier glen leading into it from the north-west. They descend below 
sea-level in both cases, and do not rise 500 feet above it. We never find them on 
the higher slopes of the central range, 
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Their total thickness cannot be estimated. There is evidence to show, however, 
that they are at least 500 to 1000 feet thick in the glacier glen at Cape George, 
but that may be only a small part of them. 


THE SUCCESSION AND THICKNESS. 


We can now state the order in which the various rocks succeed each other in 
South Georgia and the estimated thickness of each of them. 
Cumberland Bay Series :— 


Upper division. The creamy-white rocks and all rocks 


exposed above the rusty-brown rocks . : . 1500 feet 
Middle division. The rusty-brown rocks. : =! 3000" 
Lower division. The dark shales, greywackés, ete. 200k 
a Total thickness exposed ; . 5700 feet 
Unconformity. 


Cape George Series :— 


? 


-Greenish-grey rocks with “Augen” structure. Exposed, 
about ; : . 500 feet 


The lowest greenish-grey rocks are separated from the Cumberland Bay Series 
both on account of the unconformity between them and the more severe pressure- 
metamorphism they have been subjected to in early crustal movements. The 
three divisions of the Cumberland Bay Series overlying them are apparently in 
continuous succession. They have been broken, folded, and contorted in various 
parts of the island, but their original continuity is notwithstanding easily dis- 
tinguished. Their subdivision into three sections by colour is useful, as it enables 
us to note the various horizons exposed in different parts of the island, as shown on 


the geological map and section through Mount Paget (Plates LXXXI and LXXXII). 


LocaL DIstTRIBUTION oF Rocks. 


Leith Harbour and Stromness Bay. 


The rocks are in every case stratified and of sedimentary origin. They are all 
more or less indurated, but their original bedding and character is still distinct. 
Lateral pressure has tilted and folded the strata so that there is no general dip. 

A line of weakness is plainly evident from the centre of Mutton Island (Pl. LXXXV, 
fig. 1) to the crumpled rock exposure in the centre of the glacier (Pl. LX XXIII, fig. 2). 
This line strikes south-east of Mutton Island and reaches the south shore of Stromness 
Bay in crumpled strata. The line of weakness was originally a fold in the rocks, 


with its axis running north-west from Mutton Island to the upper end of Leith 
TRANS, ROY. SOC. EDIN., VOL. L, PART IV (NO. 23). 113 
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Harbour. When the centre of the fold was depressed to its full extent the rocks 
snapped along its axis, and the sinking of the north side of the fold produced the 
crumpling which can be noted in Pl. LXXXV, fig. 2. The rocks which divide 
the glacier of Leith Harbour into two parts are on the line of weakness and 
fracture. Leith Harbour is simply a drowned land valley due to a general sinking 
of the island. 

The rocks surrounding Leith Harbour belong to the middle division of the 
Cumberland Bay Series. At the south-east corner, turning into Nansen Harbour, the 
lower division comes in directly under the middle division and is represented by 
fairly thick bodies of black cherty shales, grey arenaceous rocks, greywackés, and 
tufts. These rocks are faulted in places and tilted at slight angles. Further up 
Nansen Harbour they dip more steeply under sea-level, and on the south side of the 
harbour only the rocks of the middle division are seen. 

Husvik Harbour and the greater part of the southern shore of Stromness Bay are 
formed of rocks of the middle division of the Cumberland Bay Series. Tonsberg 
Pomt and the western half of Mutton Island belong entirely to the lower 
division. The eastern half of Mutton Island has some blue-purple shales along the 
line of rupture. These may be a fragment of the upper division and similar to the 
shales of Bird Island. 

Fossil Impressions in the Lower Diwsion at Leith Harbour.—The dark shales 
and the fine arenaceous shales forming a rocky promontory where Leith Harbour 
and Nansen Harbour join has been the most productive exposure for fossils in the 
island. The fossils are described by Professor GREGORY. 


Cumberland Bay. 


The rocks of the middle division, the rusty-brown type, are well developed. 
They occupy both sides of the bay on the outer coast, and running up King Edward’s 
Cove form the lofty escarpment at the head of it. A fringe of the lower division 
is Seen coming in under the middle division at Sappho Point, and runs round to the 
neighbourhood of the meteorological station. 

Mount Paget itself is formed of rocks of the middle division, an escarpment of 


which, at its crest, can on a clear day be distinguished by its colour. The apparently — 


continuous section of middle and lower division rocks, rising out of Moraine Fiord to 
the big wall-like escarpment on the shoulders of Mount Paget, we have already 
noted, and it represents a thickness of 4215 feet. Of this thickness we have given 
3000 feet as the part occupied by rocks of the middle division, the lower division 
making up the remaining thickness. 

As Mount Paget is 8383 feet above sea-level, the rocks of the Middle Series, if 
they were continuous, from Moraine Fiord to the top of it would be as follows :— 
8383 — 4215 =4168 feet thicker than we have estimated them, thus giving a total 
thickness of 7168 feet. And as we know that rocks of the upper division oceur 
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along the shore escarpment below Mount Paget on the south-west coast, powerful 
faults must run along the shoulders of Mount Paget. 

These faults have let down the strata on either side of the axis of the central 
range. The escarpment at the crest of Mount Paget is in all reasonable probability 
the same as occurs in Moraine Fiord. Hence a powerful fault must run parallel to 
the axis of the central range, and effect a downward displacement towards Cumber- 
land Bay of not less than 4000 feet. The throw is more than likely to be over 
that amount, and may readily be 6000 feet. 

On the south-east side of Moraine Fiord occurs one of the patches of the old 
rocks of the Cape George Harbour Series. They are tilted up at a steep angle and 
dip into Cumberland Bay. With the above exception the rocks surrounding 
Cumberland Bay are very similar to those of Leith Harbour. The rocks of the 
middle division occupy all the high grounds, and those of the lower division fringe 
the rim of the bay in places near sea-level. There is no evidence of any rocks of 
the upper division. Pl. LXXXVII, fig. 2, shows the uniform banding of the middle 
and lower divisions, rising out of Moraine Fiord, and the middle division rocks are 
also seen at the crest of Mount Paget. 

The most intense folding and crumpling of the rocks here, as at Leith Harbour, 
is nearest the north-east coast (Pl. LXXXYV, tig. 2). 


Cape George and Vicinity. 


The rocks on the coast here belong to the middle division. At the head of Cape 
George Harbour, while the dips are steep in places, the crumpling has to a con- 
siderable extent disappeared, and the middle division rests unconformably on the 
oldest rocks in the island, the greenish-grey banded rocks of the Cape George Series. 


Rocks of the middle division resting unconformably on the Cape George Series. 


The middle division dips 25 to 30 degrees to the north, while the Cape George 
Series dips 45 to 60 degrees in a direction south 20 degrees west. The sketch shows 
the relative position of the two series of rocks and the line of unconformity. 

The rocks of the middle division, the rusty-brown type, are without doubt un- 
conformable to the Cape George Series underlying them. The latter dip at 
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steeper angles in an opposite direction to the rocks of the middle division, and 
are more indurated and show evidence of greater alteration than any of the 
series overlying them. 

New Fortune Bay. 


The harbour of New Fortune Bay is mainly cut out of the rocks of the middle 
division, but on the high ground above it to the south-west the lower division appears 
on the surface, and is well developed in the glen leading down to Cumberland Bay, 
opposite the Nordenskjéld Glacier. | 

In this glen are some black shales seamed with secondary quartz along their 
cleavage planes, similar to the larger exposures at Royal Bay. The black shales 
belong to the lower division. The quartz is of a granular sugary character or 
texture, not unlike some of the gold-bearing varieties in Rhodesia and Southern India. 

On the outer coast there are some small exposures of the creamy-white rocks, 
which may be a fringe of the upper division, coming on above the rusty-brown rocks 
of the middle division. 


Royal Bay. 


The rocks of the coast and around the inner rim of Royal Bay are confined to the 
middle and lower divisions. The middle division occupies all the high ground from 
Cape Charlotte round to the Great Glacier, and the highest points above Moltke 
Harbour. The lower division fringes the sea-level, and forms the low escarpments 
from Cape Charlotte to the Great Glacier. It rises up into hills at least 1200 feet 
above sea-level, on the north-west and south-east side of Moltke Harbour, and the 
north-west side of Royal Bay. It also runs some miles north-west along the 
Atlantic coast. 

The streams from the ice-fields running down the old glacier courses to the north- 
west of the upper end of Moltke Harbour have cut through the rocks of the lower 
division, while the middle division occupies the higher ground. South-west of the 
Great Glacier there is a huge ice-field, through which only the higher grounds of the 
central or Allardyce range are seen, and these are all of the middle division rocks. 

There is some folding in the rocks on the south-east side of Royal Bay near the 
coast. Round Moltke Harbour, up the glacier glens to the north-west of it, and 
along the north-west side of Royal Bay, occupied largely by rocks of the lower 
division, there is very little folding. The rocks are lying at slight angles of dip 
along the north-west side of Moltke Harbour and Royal Bay; frequently they are 
horizontal. 

The lower divisions are formed of dark shales, dark and grey-banded arenaceous 
shales, gritty arenaceous shales and greywackés. There are thick bodies of dark 
shales, and these, with the dark and grey-banded arenaceous shales, are probably 
the largest portion of the lower division. The Cape George Series is not seen around 
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Royal Bay, and the presence of a great thickness of the rocks of the lower division 
is evidence that one of the hollows in the Cape George Series existed here, and has 
been filled up by the younger rocks. 

There are several horizons of dark shales in the lower division, which are seamed 
with secondary quartz, which is extensively but not anywhere continuously developed. 
They occasionally carry some iron pyrites and tiny specks of copper pyrites. In 
other places the black graphitic shales display iron pyrites and incrustations of 
gypsum. We will refer to all these occurrences at a later stage of the report. 


Cape Charlotte to Cooper Island and the S.E. 


A short distance below Cape Charlotte the low foothills disappear, and the coast 
recedes into the slopes coming down from the main range. The slopes of the range 
are practically one continuous ice-field, and every recess or little fiord is occupied 
by a glacier right down to sea-level. Between Cape Charlotte and Cooper Island 
three large and three small glaciers come down to sea-level. 

It is a snow- and ice-covered country, merely a collecting ground for glaciers, 
while here and there rock escarpments and splintery crests rise above the cover of 
ice and snow. From Cooper Island to the south-east point of the island, Cape Dis- 
appointment, the coast is bordered by steep hills with deep rugged glens, each con- 
taining a glacier, coming down to sea-level. The glaciers were formerly connected 
with broad ice-fields, which covered most of the hills and left only the steeper 
ridges and crests exposed. 

Leaving Cape Charlotte and going towards the south-east, the island recedes 
several miles to the south-west and the rocks of the middle division appear to have 


_ sunk under the sea. The exposed rock standing out to sea, between Cape Charlotte 


and Cooper Island, apparently belongs to the middle division. At Cooper Island a 
complete change takes place. It is formed of a hard resistant rock, dipping at very 
steep angles in a north-west to north direction, but the dip does not appear to be 
uniform. 

The rock weathers to a creamy-white colour along the shore and for 50 to 100 
feet above it; but nearer the highest point, where a cirque has been cut into it, the 
colour is more of a greyish blue. 

On the mainland opposite Cooper Island the same rock appeared to strike mland 
in a direction west-north-west or thereby, in a broad ridge rising into steep slopes 
and splintery ridges, from which it was impossible to obtain specimens. 

From Cooper Island to the south-east point of the mainland the rocks appear to 
be different from anything seen on the north-east coast. About a mile or two from 
the south-east point another ridge of steeply inclined rocks, with steep slopes and 
splintery crests, runs west-north-west. It is composed of creamy-white rocks ap- 
parently of the same character as those on Cooper Island. 
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These rocks, from their appearance and position, are much like those of Cape 
Pariadin, but if they are identical, specimens recently obtained show they are pene- 
trated by igneous rocks. 


Port Gladstone and Possession Bay. 


The rocks of the Middle or Lower Series are well exposed in Port Gladstone 
Harbour. The steep conical hill at the upper end of Port Gladstone (Pl. XC, fig. 2) 
presents a fine section of the rocks of the middle division, which are some 1500 feet 
thick and rest on the lower division, which descends below sea-level. 

In Possession Bay the middle division extends from a little above sea-level to 
the hill crest seen above the ice-fields of the Great Glacier. The lower division forms 
a fringe near sea-level and descends below it. 

Locally the dip is in all directions due to folding and crumpling. A good 
instance of this is seen in Pl. XC, fig. 2, where the rocks in the conical hill are 
almost flat, while those to the right of it, extending to the little ice-field and corrie, 
are nearly vertical. This steep dip is due to a fracture plane, along which a former 
glacier scooped out the harbour of Port Gladstone. It has been formed in exactly 
the same way as Leith Harbour, but there the glacier has only receded and still exists. 

Another fine example of folding and erratic dips is seen in Pl. XCI, fig. 1, in the 
escarpment on the south side of Port Gladstone Harbour. The folding occurs along 
a fracture parallel to that in which the harbour has been cut out. At one place the 
rocks are vertical, and to the south side of the fracture plane they are horizontal. 

The rocks of this locality all belong to the middle division. Allowing for all the 
eccentricities of dip, due to folding and fractures, there is a general dip to the 
south-west. It is not very evident at any one point, but viewed as a whole the 
rocks appear to be gently sinking in that direction. 


Port Gladstone to Adventure Harbour. 


The rocks along the coast from Port Gladstone to Elsie Harbour belong for the 
greater part to the middle division. The lower division sinks under the sea as we 
proceed to the north-west. At Cape Buller, Welcome Island, Right Whale Bay, and 
Cape North the rocks belong to the middle division. Between Cape North and 
Elsie Harbour the middle division forms all the coast-lands up to the ice-fields behind 
it; but the heights beyond are probably of rocks belonging to the upper division. 

At Elsie Harbour the middle division disappears, and the upper division is exposed 
on its western side. There may be a fault running through the line of Hlsie Harbour 
and St John’s Harbour. They form a low depression right across the island (PI. 
XCI, fig. 2), which has been cut through by a glacier, and is now blocked in the 
middle by several miles of glacial detritus. This morainic material has produced 
two of the most useful refuge anchorages in the island. 


GEOLOGICAL OBSERVATIONS IN SOUTH GEORGIA. 811 


At Cape Pariadin the purple-blue shales have disappeared below sea-level, and 
the creamy-white rocks and tuffs are alone evident. In Adventure Harbour these 
rocks are well developed from the entrance at Cape Pariadin for some distance 
inwards. Pl. XCI, fig. 2, shows exposures and escarpments of the rocks of the 
Cumberland Bay Series. 

The dips are not as a rule very steep in Adventure Harbour or round Cape 
Pariadin, nor is there the same amount of folding to be witnessed as on the north-east 
coast of the island. 


Wilson Harbour, Cape Denudov and Cape Nunes. 


The rocks surrounding Wilson Harbour and the island at its south-west point are 
of the creamy-white variety of the upper division. The general dip is more or less 
flat, with a very gentle inclination to south-south-west, but some sharp folds also 
occur. 

Cape Nunes is composed of the same rocks as Cape Demidov. They probably 
belong to the upper division, close to the junction with the middle division. 


Cape Nunes to Annenkov Island. 


The coast from Cape Nunes to a point opposite Annenkov Island is one continuous 
sheet of snow or ice-cap. There are splintery crests of hills and fringes and patches of 
rock between the glaciers at sea-level, or within 100 feet or so above it. The rocks 
exposed appear to be similar to those of Cape Nunes and the coast north-west of it. 

The rocks of Annenkov Island are similar to those of Cape Demidov and Cape 
Nunes. A line of fracture evidently runs through the island from north-west to 
south-east. Just at the centre of the island the dip becomes vertical, and there is 
some folding. 

The south or south-east side of the island is low, and formed of rocky escarpments, 
which appear to run into the island, as there was a channel on which the sea was 
breaking atthe entrance. The rocks are the same as Cape Pariadin, and in the centre 
of the island rise to a height of over 1000 feet above sea-level. 

The rocks dip apparently at very gentle angles to the south-west, and the rocks of 
the upper division appear generally to occupy the south-west coast of South Georgia 
and the various rock channels which are cut into it from the sea. 

South Georgia is a ridge mainly of stratified rocks, the axis of which, the 
central or Allardyce range, is parallel with the general strike of the rocks. It has 
parallel faults on either slope of the ridge, letting down the rocks to the north-east 
and the south-west. The faulting is proved by the fact that the middle division of 
the Cumberland Bay Series occupies the crest of Mount Paget, and has a slight 
south-westerly dip, while the upper division forms the coast at sea-level on the 
southern side of the island, and is seen in a few straggling beds on the northern 


812 MR D. FERGUSON ON 


coast near New Fortune Bay. The rocks, moreover, have been greatly crumpled and 
contorted along the north-eastern coast, especially at King Edward’s Cove, Cumber- 
land Bay; Leith Harbour; Stromness Bay; and Possession Bay. The direction of 
thrust is from the north-east. 

Professor J. W. Grecory has kindly examined the fossils brought home by the 
writer from South Georgia. The fossils recognisable by the naked eye were found 
with one exception in the beach rocks, where Leith Harbour turns round into Nansen 
Harbour. The one exception was found in the beach rocks, King Edward’s Point, 
Cumberland Bay, and was apparently a fucoid, similar to those found at Leith 
Harbour. The whole of the fossils were obtained from the lower division of the 
Cumberland Bay Series. That specimens may be obtained in the same division in 
other parts of the island is highly probable. Leith Harbour was well searched, 
because it was near the writer’s headquarters and easily accessible. 

The finding of an ammonite in the middle division of the Cumberland Bay Series 
in Port Gladstone, Possession Bay, by the German Antarctic Expedition is very 
important. Owing to the kindness of Dr Herm, the writer was privileged to see the 
specimen, which was sent over to Glasgow from Heidelberg. 


THE GEOLOGICAL AGE OF THE Rocks oF SouTH GEORGIA. 


The precise age in geological time of the rocks of South Georgia is still indefinite. 
The Falkland Islands are for the larger part of Devonian rocks, which appear to be 
younger than those of South Georgia. The rocks of the South Orkneys, from the 
few fossils found in them by Dr Brucr’s Expedition, are either Ordovician or 
Silurian, and they are strikingly similar to those of the Cumberland Bay Series, 
which form the main mass of South Georgia. 

The writer obtaimed in South Georgia, through the courtesy of the manager of 
the Falkland Whaling Company, ten samples of the rocks of Washington Strait, 
Coronation Island, South Orkneys. They are very similar to those of South Georgia, 
which was also noted by Dr Harvey Pirin,* geologist to the Scotia Antarctic Ex- 
pedition, who saw them in the Geological Department, Glasgow University. 

The lithological resemblance between the rocks of the South Orkneys and South 
Georgia is no certain proof that they are of the same geological age, but, taking all 
the facts into consideration, the lower rocks of South Georgia would appear to be 
not later than Silurian, and may be even earlier. The paleontological evidence 
examined by Professor GREGORY suggests that the middle and upper divisions of the 
Cumberland Bay Series are Mesozoic, while the lower division is Ordovician or 
Silurian. The marked lithological resemblance of the rocks of the lower division to 
the graptolite-bearing rocks of the South Orkneys suggests that both of them may 
be of Palzeozoic age. 


* J. H. Harvey Pirin, Rep. Sci, Res, “ Scotia,” vol. viii, part 3, and Proc, Roy. Soc. Hdin., vol. xxv, pp 463-470. 
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CONCLUDING OBSERVATIONS. 


In conclusion, the writer would like to put on record the generosity of the Messrs 
Cur. SALvESEN & Co., the well-known shipowners of Leith, and of Mr Tueo. E. 
SALVESEN, the member of the firm who directs their extensive whaling industry in 
South Georgia, the South Shetlands, and the Falkland Islands: They are the lessees 
of the minerals and mining rights on all the islands owned by His Majesty King 
George V. in the South Atlantic, outside the Falkland Islands. They have not, 
however, confined themselves to their own special interests, but have assisted and 
encouraged the elucidation of the interesting geological problems presented in that 
outlying portion of the empire. They have also presented the rock and fossil 
specimens brought home from South Georgia to the Geological Department, 
Glasgow University, and the Scottish Oceanographical Laboratory, Edinburgh. 

The writer is much indebted for help in the examination and description of the 
material collected to Professor J. W. Grucory, D.Sc., F.R.S., and his assistants in 
the Geological Department, Glasgow University; Miss M. Macpnre; G. W. 
TyRRELL, Assoc. Roy. Col. Sc., F.G.S.; and W. R. Seti, M.A., B.Se. 

Professor GreGory’s discussion of the physiography of South Georgia forms an 
Appendix to the present paper. His discussion of the geological relations and of 
the fossils, and Mr Tyrretr’s description of the petrology, form separate papers 
following immediately on this. 


EXPLANATION OF PLATES. 


Puate LXXXI. 
Geological Map of South Georgia. 


Prath LX XXII. 


Geological Section across South Georgia on line A, B on Map. 


Puate LXXXIII. 


Fig. 1. Leith Harbour, Stromness Bay, Whale Oil and Guano Works, South Georgia Co., Ltd, 
Fig. 2. Leith Harbour, looking from S.E. to Moraine and N.W. Glacier. 


Puate LXXXIYV. 


Fig. 1. Tonsberg Point, looking out of rock cavern to Stromness Bay. 
Fig. 2. Tonsberg Point, looking S. to central hill range. 


Pratt LXXXV. 


Fig. 1. Stromness Bay, Mutton Island and central range viewed from 1100 feet above sea-level. 
Fig, 2. Crumpled rock strata, 1100 feet above sea-level, at Leith Harbour, 


Puare LXXXVI. 
’ Fig. 1. Mai Viken Glen and glacier loch, near Gryt Viken, King Edward’s Cove. 
Fig. 2. Moraine Flat, glacier, loch, and stream, Cumberland Bay. 
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Puate LXXXVII. 


Fig. 1. Moraine Flat, glacier, rock strata, and loch, Cumberland Bay. 
Fig. 2. Moraine Fiord, Mount Paget, rock strata and glaciers, Cumberland Bay. 


Pirate LXXXVIII. 


Tig. 1. Cape George and folded rock strata. 
Fig. 2. Cape George Harbour, folded rock strata and cirque. 


Pratt LXXXIX, 


Fig. 1. Coast-line, Cape George to Royal Bay. 
Fig. 2. Moltke Harbour, Royal Bay, cirque, glacier, and penguin rookery. 


Puate XC. 


Fig. 1. Royal Bay, Weddell Glacier and cirque. 
Fig. 2. Port Gladstone, rock strata, 1633 feet to crest, and whaling factory steamer. 


PuateE XClI. 


Fig. 1. Port Gladstone, folded rock strata and cirque. 
Fig. 2. Adventure Harbour, looking across neck to Elsie Harbour. 


APPENDIX. 


The Physiography of South Georgia as shown by Mr Ferguson’s Photographs. 
By Professor J. W. Grecory, D.Sc., F.R.S. 


Mr Frrevuson’s photographs of the northern coast of South Georgia illustrate 
clearly the chief features in the physiography of the island. They show that it isa 
mountainous country with a very rugged and young topography. The mountains 
often come close to the shore, and project in bold headlands, between which the main 
valleys have been cut down to base level. The country consists of stratified rocks, 
which have a moderate dip, and in the photographs is usually less than 45° 
(Pl. LXXXIII, fig. 1; Pl. LXXXVII, figs. 1 and 2). The beds are often crumpled and 
contorted (Pl. LXXXV, fig. 2), and are sometimes vertical (Pl. XCI, fig. 1). The 
photograph of Leith Harbour (Pl. LX XXIII, fig. 1) suggests that the rocks occur in a 
regular conformable series; but the photograph of Port. Gladstone (Pl. XCI, fig. 1) 
shows the lower beds of the Lower Cumberland Bay Series with an almost vertical 
dip, covered unconformably by the less inclined beds belonging to the Middle 
Cumberland Bay Series. 

The photographs also show that the country has been intensely dissected, and 
the mountains often occur as isolated pyramidal peaks, as at Port Gladstone 
(Pl. XC, fig. 2) or Cape George (Pl. LX XXVIII, fig. 1); but in places, as in the view 
of the central range from Stromness Bay (Pl. LXXXV, fig. 1), the peaks rise to one 
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general level as if the present rugged topography had been carved out of an ancient 
pene-plane. In this denudation glaciers have no doubt played their part. The 
photographs of King Edward’s Cove (Pl. LXXXVII, fig. 2) and other places show that 
the country still contains numerous glaciers and extensive snowfields. The photo- 
graphs, it should be remembered, were taken in the South Georgian summer. The 
glaciers include great valley glaciers, and some of them flow down from high snow- 
fields and reach the sea, as shown in the view of Royal Bay (PI. XC, fig. 1). Beside 
Cumberland Bay is a high-level glacier, from which one lobe flows down to the 
lowland, but most of its discharge appears to be by avalanches which form a series 
of recemented glaciers at the foot of the clitfs (Pl. LXXXVIL, fig. 1). The effect of 
the glaciers is well shown on many of the photographs. The sweeping away of the 
decayed rock material has left many tarns, as near Tonsberg Point (Pl. LXXXIV, 
fig. 2), and the lateral erosion of the valley glaciers is shown by the spurless rock 
walls in Royal Bay (Pl. XC, fig. 1). 

The former greater extension of the ice is also shown by the old moraines, as in 
PY. LXXXIII, fig. 2. 

Frost shattering has obviously played a very active part in developing the 
present topography. Some of the mountains rise into rock pinnacles, such as that 
seen above Mai Viken Glen (Pl. LXXXVI, fig. 1, and in Pl. XC, fig. 2); these rough 
crags must either be post-glacial or have stood in glacial times above the limit of the 
ice. The recent but extensive talus screes (Pl. XC, fig. 2) are probably also the 
result of frost. Corries, which may be explained here as elsewhere by the shatter- 
ing of rock walls by frost on the borders of sheets of snow and ice, can be recognised 
in Pl. LXXXVIII, fig. 2, and Pl. LXXXIX, fig. 2, as well as at Cape George. 

The photographs also show that in addition to the movements which have folded 
the older rocks, South Georgia has been’subject to many modern bradysismic move- 
ments. The most important was a subsidence which has given the whole coast a 
drowned topography, as shown in the photographs of Leith Harbour in Pl. LAXXII, 
me 1, and Pl. LXXXV, fig. 1. 

Some of the inlets of South Georgia have been described as fiords, and some of 
those illustrated by Mr Frrcuson’s photographs belong to the category of fiords 
Pel UX XXIII, fig. 1). 

The main subsidence has been succeeded by successive elevations, which have led 
to the formation of raised rock platforms and beach lines. The highest of these is a 
wide plain of marine denudation which is shown, for example, beside Leith Harbour in 
Pl. LXXXIII, figs. 1 and 2; Pl. LXXXV, fig. 1. This rocky coast platform increases 
the general resemblance of this South Georgian coast to that of parts of Norway. At 
a lower level occurs another rocky shore platform, as around Leith Harbour. The 
lowest and last elevation is indicated by the toe-like projections from the promon- 
tories which are a characteristic feature of coasts that have undergone a small recent 
uplift. These projections are well shown in a view of Stromness Bay (Pl. LXXXYV, 
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fig. 1), in the instructive view of the coast from Cape George to Royal Bay (Pl. LXXXIX, | 
fig. 1), and in greater detail in the view of Adventure Harbour (Pl. XCI, fig. 2), — 
Marine abrasion during one of the stages between the uplifts no doubt excavated the _ 
caves at Tonsberg Point (Pl. LXXXIV, fig. 1). That the country has been stationary — 
for some time past is indicated by the widespread alluvial plains near sea-level 
(Pl. LXXXVI, fig. 2). 

Mr FeEreuson’s photographs, therefore, represent South Georgia as a glaciated 
mountain land composed of ancient folded rocks, in which the folds have no direct — 
relation to the existing topography, as the country had been planed down to a 
pene-plane. It is obviously part of a much larger land. In modern times subsidence — 
has drowned the northern coast, and the eftects of recent uplifts show that the area 
is probably still in a state of oscillation, in which the vertical movements are- 
separated by intervals of comparative rest. . 

Further reference may also be made to the plates accompanying Mr THEoporE 
H. SALVESEN’s paper “The Whale Fisheries of the Falkland Islands and Dependencies,” — 
appearing in The Scientific Results of the Voyage of the “Scotia,” vol. iv, part 
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Fic. 1.—Tonsberg Point, looking out of rock cavern to Stromness Bay. 


Fie. 2.—Tonsberg Point, looking S. to central hill range, 
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Fic. 1.—Stromness Buy, Mutton Island and central range viewed 1100 feet above sea-level. 


Fic. 2.—Crumpled rock strata, 1100 feet above sea-level, at Leith Harbour, 
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Fic. 2.—Moraine Flat, glacier, small loch and stream, Cumberland Pay, 
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Fic. 2,—Moraine Fiord, rock strata, Mount Paget and glaciers. 
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Fic, 2.—-Moltke Harbour, beach and penguin rookery, cirque and glacier. 
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Fic. 1.—Royal Bay, Weddell Glacier and cirques. 


Fic. 2.,—Port Gladstone, rock strata, 1633 feet to crest: floating factory s,s. Restitution. 
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Fic. 1.—Port Gladstone, folded rock strata and cirque. 


iy * 


Fic. 2,—Adventure Harbour, looking across neck to Elsie Harbour, 
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XXIV.—The Geological Relations and Some Fossils of South Georgia.* 
By J. W. Gregory, D.Sc., F.R.S. 


(MS. received March 2, 1914. Read July 6, 1914. Issued separately May 20, 1915.) 
[Plates XCI-XCIL.] 


The special interest of South Georgia depends on its evidence regarding the geology 
of the part of the Southern Ocean which lies south of the South Atlantic. According 
to Professor Suxss, the island is an extension of the Andes, which, at the southern 
end of South America, turn eastward, and by a great horse-shoe-shaped curve pass 
through South Georgia to the South Orkneys and Graham Land. 

The geology of South Georgia is but little known. TuHiraca + described the island 
as consisting of metamorphic rocks, ranging from granular gneiss to clay-slate, and 
of diabase tuff. He collected a pebble of granular gneiss, and a “ phyllite-gneiss ” 
containing tourmaline, apatite, iron-ores, and andalusite; also specimens of various 
phyllites and clay-slates, and interbedded granular limestones, calc-phyllites, and 
quartzites. According to THiRacn there is a complete passage from the phyllitic- 
eneiss to the slates,{ and his illustrations§ show that the rocks are very crushed 
and crumpled. The diabases and tuffs recorded by THtrRacn suggested that South 
Georgia had been an active volcanic centre. GUNNAR ANDERSSON identified some 
of its igneous rocks as porphyrite, a fact in favour of South Georgia belonging to 
the Andean line. TuHiRacu obtained no evidence as to the age of the rocks; the 
first fossil from the island was obtained by the Swedish Expedition at Cumberland 
Bay, and Dr Orro NorpeEnsks6Lp kindly tells me that it has been identified as 
a Posidonomya and as probably Mesozoic. This conclusion recalls Darwin's view 
of the Cretaceous age of the clay-slates of Tierra del Fuego. 

Dr Konic, of the German Antarctic Expedition under Lieut. FILcHNER, found 
a poorly preserved fossil. It has been submitted by Professor SaLomon to Professor 
PompPrcks, who says that it may be an Acanthoceras and may be “ Kreide” in age. 
Professor Satomon kindly lent me this specimen, and its matrix agrees closely with 
rocks collected from the same locality by Mr FErGuson; they come from the middle 
part of the Cumberland Bay Series and are largely composed of volcanic debris. 

The preliminary paper in which Dr Her || announced the discovery of this fossil 


* A preliminary note on the evidence of these fossils was published in the Geol. Mag., Dec. 6, vol. i, 1914, 


. 61-64. 
a + H. Tuiracu, “Geognostische Beschreibung der Insel Siid-Georgien,” Internat. Polarforschung 1882-83 : 
Die deut. Exped., vol. ii, 1890, No. 7, pp. 109-166. 
+ Ibid., p. 131. § Ibid., pp. 154, 157, 158. 
|| F. Her, “Geologische Beobachtungen tiber Siid-Georgien,” Zeit. Ges. Hrdk., Berlin, 1912 (No. 6), pp. 451-456. 
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records the presence in South Georgia of granitic and dioritic rocks, aplite, and a 
centre of “altvulkanischer” basic eruptives, including diabase and melaphyre-like 
rocks. Dr Heim remarks that the rocks are not sufficient to prove that the island 
belongs to the folded mountain system of the Andes and Antarctic Andes; but he 
says that the folded Mesozoic beds, tufts, basic eruptives, and associated plutonic 
rocks of South Georgia and Graham Land form a striking geological reflection of the 
Patagonian Cordillera. 

Mr Fereuson’s work throws much fresh light on the geology of the island and 
some doubt on the generally accepted view as to its relations. The fossils which he 
collected in the slates and limestones of Stromness Bay are so crushed that their 
identification is dificult. They include some vertical sections through what appear 
to be massive cylindrical tabulate corals. The best specimen (Plate XCII, fig. 1) is 
45 mm. wide and 70 mm. long; its shape was obviously cylindrical or subcylindrieal ; 
it has thick walls; there are no septa, but traces of septal structure occur in the wall; 
there is no internal vesicular tissue, but the specimen is crossed by 30 tabule in 
a leneth of 60 mm. This combination of characters is also met with in the coral 
Omphyma. If the fossil be a coral it would belong to that or some allied genus, 
Dr G. J. Hrype has kindly examined the specimen, and says that unless it be a coral, 
it is very difficult to say what it can be. 

Mr Ferrcuson collected a series of cespitose organisms, of which one tuft 
(Plate XCII, fig. 2) is 90 by 100 mm. in diameter; its branches subdivide dichotomously 
and are, on an average, from 3 to 4 mm. in diameter. A thin section from this 
specimen shows broken tubuli, which have some resemblance to those of monticuli- 
poroids, and the fossil from which this section was cut has a habit similar to that of 
somé upper Ordovician and Silurian monticuliporoids. Dr R. 8. Basser has kindly 
examined some of them, and reports that in the opinion of himself and his colleagues 
in the National Museum, Washington, the fossils are either sponges or fucoids. 
Dr BassLter remarks that “one of our Ordovician genera, Camarocladia, shows a 
structure something like these specimens, and for a guess I would say that they are 
nearest this-genus. Mr Uxricw and I[ agree that they are not Bryozoa, because it is 
our experience that no matter how great the crushing, specimens preserved as these 
are show some of the original structure.” 

A second representative (Plate XCU, fig. 3) of this group of fossils consists of stems 
as much as 6 mm. in diameter, and which are branchless for sometimes 75 mm, in 
length. They appear to have a central axial space with transverse layers like the 
tabulee of corals or the horizontal partitions of such sponges as Tremacystia. One of 
the specimens appeared to show a reticulate structure. I therefore sent it to Dr 
G. J. Hrypr, who was, however, unable to recognise any definite evidence that it is a 
sponge. The fossil may be a Camarocladia with long, unbranched stems, though it 
might also be some alga with a partially segmented stem. 

The third type of these tufted fossils are smaller in diameter (Plate XCII, 
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figs. 4, 5, 6). They grow in rather matted tufts (fig. 4), of which the branches 
divide repeatedly and are about from a half to 1 mm. in diameter. They appear 
to be similar in nature to the stouter specimen shown in fig. 2. 

Camarocladia was founded by ULricu and Evrerert * on some tufted fossils from 
the sponge bed at the base of the Trenton Limestone (Middle Ordovician) at Dixon, 
Illinois. The internal structure is poorly preserved, but some of the canals through 
it are similar to, though far more crowded than, those in the South Georgian speci- 
mens. U.ricH and Kvererr’s figures do not show the transverse partition of some 
of the South Georgian specimens, but as those authors described Camarocladia as 
allied to Peronella or Verticillites, the presence of this structure increases the 
resemblance to Verticillites, if they used that genus to include Tremacystia. 

The type species of Camarocladia, C. dichotoma, consists of branches about 
“2 mm. or a little more in diameter,’ which subdivide at intervals of about 
10 mm.; and these dimensions would agree with those of the thinner stems in the 
specimen shown in fig. 2. C. dichotoma was found with specimens which ULRicu 
and EVERETT regard as probably representing three other species; one of these was 
smaller and more branched than C. dichotoma,.while the other two were more 
robust. As the fossils shown in figs. 4,5, and 6 have an average diameter of less than 
1 mm., they might represent the smallest of the Illinois species; while the tufted 
forms shown in fig. 2, in which the branches vary from 3 to 4 mm., and the rarely 
branched form shown in fig. 3, of which the branches are 5 to 6 mm. in diameter, 
would represent the more massive Illinois species. 

The fact that these fossils, both in Illinois and South Georgia, have a similar range 
in size may be a worthless coincidence. 

The South Georgian specimens cannot be claimed as presenting anything more 
than a considerable resemblance to Camarocladia, and that name is therefore only 
provisionally adopted for them for convenience of reference. 

The Ordovician or Silurian age of these Camarocladoid fossils is supported by a 
small fragment which, if found in a graptolitic bed, would be regarded as a piece of 
a monoprionid graptolite. The specimen has been examined by Miss M. Macpuen, 
who thinks it is probably a fragment of a graptolite ; and this opinion is shared by 
several members of the geological school of this University who have had experience 
in collecting graptolites in our Southern Uplands. We, however, feel that this 
fragment is too small for its identification as graptolitic to be anything more than a 
probability. 

Two further types of fossils are included in the collection, but their evidence as to 
the age of the rocks is also ambiguous. One fossil (Plate XCII, fig. 7) is an irregularly 
branched tuft, which seems to me probably a sponge. The other is a well-marked 
dichotomous organism with branches of usually from 3 to 5 mm. across, and with a 


* Geol. Surv. Illinois, vol. viii, pt. ii, Paleontology, Sect. 5, “Descriptions of Lower Silurian Sponges,” 1890, 
pp. 280-1, pl. vii, fig. 1. ‘ 
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decidedly plant-like growth. The stems are fattened, and the fossil appears to be 
one of those plant-like impressions which are conveniently regarded as fucoids. 

A photograph of one of these fucoids is reproduced as Plate XCII, fig. 8, and this 
fossil closely resembles Buthotrephis succulens, Hall, from the Trenton Limestone of 
Glen Falls in the State of New York. Its stem, where 5 mm. across, is 14 mm. thick, 
so that it agrees with Buthotrephis rather than with Palwophycus, in which the 
stems are more cylindrical. I only know Buthotrephis succulens from Hauy’s* 
original figure and description, and the South Georgian specimens are very similar to 
it. The resemblance may be purely accidental. It is, however, interesting to note 
that the Camarocladia bed in Llinois is described by Utrich and Everett as 
crowded with Buthotrephis and Paleophycus. 

During a study of the microscopic structure of these rocks Mr TyRRELL found a 
series of radiolaria in various specimens, and they are especially well preserved in 
one band belonging to the middle division of the Cumberland Bay Series at Cape 
Pariadin. Some sections have been kindly examined by Dr Hrnpe. He reports: 
“The following genera appear to be represented :—Cenosphera, Cenellipsis, Amphi- 
brachium, Archicapsa, Dicolocapsa, Tricolocapsa, Dictyomitra, and Stichocapsa. 
The three first-mentioned genera would be included in HakcKEL’s Spumellaria, the — 
other five in his Legion Nassellaria. At present I should consider from the general 
character of the forms in these two sections that they are post-Paleeozoic and pre- 
Tertiary in age, and they might come in between the Triassic and the Cretaceous. 
But this view might be modified by further knowledge from the contents of fresh 
sections.” 

Illustrations of the chief forms from drawings by Dr HrnbE are shown on 
Plate XCIII. | 

Hence the Middle Cumberland Bay Series includes a band of rocks which accord- 
ing to the cephalopod discovered by Dr Kénic is probably Cretaceous, and according 
to the radiolaria the age is probably Jurassic. According to Mr Frrcuson’s fossils 
the lower division is probably Ordovician or Silurian. 

The conflicting paleontological evidence would be most easily explained by the 
hypothesis that the lower division of the Cumberland Bay Series is Ordovician or 
Silurian, and that the middle and upper divisions, which yielded the cephalopod 
and the radiolaria, are Mesozoic. That part of this series is Paleozoic is supported 
by the opinion of both Mr FEr@uson and Dr Pirie that these rocks present a striking 
lithological resemblance to the graptolite-bearing rocks of the South Orkneys. 

The lower beds are certainly ancient in aspect. Mx Tyrre ut in his description 
of the rocks refers to their resemblance to some of the beds in the Silurian, and 
Ordovician rocks of the Southern Uplands of Scotland. Further, it is natural to 
correlate the vadiolarian jasperoids with those of Joimville Island off Graham Land; 
and Sir ARCHIBALD GEIKIE remarked in his description of them that the occurrence 

* Jas. Harz, Palwont., New York, vol. i, 1847, p. 62, pl. xxii, fig, 2a. + Op. cit, p. 255. 
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of these rocks, “now so well known from older Paleozoic rocks in different parts of 
the world, suggests the possibility of the existence of rocks of high antiquity either 
on Dundee Island or within the iceshed of that region. But the specimen itself 
furnishes no satisfactory evidence of its geological age.” * 

The evidence against the subdivision of the Cumberland Bay Series is that, 
according to Mr Frreuson, it is all one continuous conformable sequence, and the 
rocks have so many features in common that they must have accumulated under 


‘similar conditions. Each division, as shown by Mr Tyrretu’s description of the 


rocks, includes bands of tuff and layers containing radiolaria ; and all these divisions 
are cleaved, though the rocks of the lower division are much more sheared and 
altered than those in the two upper divisions. The whole of the Cumberland Bay 
Series appears to have been formed off the shores of a volcanic land, which included 
some sedimentary rocks, the debris of which formed the grits and greywackes. 

Nevertheless the lithological and stratigraphical evidence for the unity of the 
Cumberland Bay Series is not conclusive. One of Mr Frrcuson’s photographs 
shows the middle division of the Cumberland Bay Series in apparent uncon- 
formity to the lower division, but Mr Frreuson explains that the photograph 
is deceptive. However, he remarks that the relations of the middle and lower 
divisions of the Cumberland Bay Series in an adjacent locality would be explained 
by an unconformity; and their relations as shown on his map and the overlap 
of the middle division on to the Cape George Series at Cape George Harbour and 
elsewhere in that district are facts in favour of an unconformity at the top of the 
lower division. 

The lithological resemblance of the three divisions is not convincing ; because if 
the two upper divisions were formed from the denudation of the lower division, 
supplemented by material from an older common source, the rocks would naturally 
be similar in composition ; and the presence of radiolarian beds in the three divisions, 
in the absence of evidence that the radiolaria all belong to the same fauna, may be 
explained as due to their deposition under similar conditions. The radiolaria found 
in the Lower Cumberland Bay Series are too imperfect for identification, and it may 
be that, in spite of a general similarity in aspect, they may belong to an older fauna 
than those in the upper divisions of that series of rocks. The presence of radiolaria 
in all three divisions is, however, in favour of the conclusion which Mr Ferguson 
appears on the whole to favour, that the three divisions of the Cumberland Bay 
Series are one conformable sequence. 

I have more than once tried to interpret the fossils from the lower division as 
Mesozoic, by comparing them with Cerioporoid bryozoa or Mesozoic calcareous 
sponges, but without success; and though it must be recognised that opinions based 
on such uncertain fossils are hazardous, the fossils seem to me _ pre-Devonian. 

* A. Guikin, “ Notes on some Specimens of Rocks from the Antarctic Regions; with Petrographical Notes by 


J.J. H. Twat, F.RB.S.,” Proc. Roy. Soc. Edin., vol. xxii (1897-1899), 1900, p. 67. 
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Dr Basser tells me that the opinion of himself and his colleagues is that these 
Camarocladoid fossils “ must be post-Cambrian or pre-Devonian.” 


The structure of South Georgia therefore possibly includes two distinct groups 
of rocks. The foundation may consist of Ordovician or Silurian sediments, resting 
probably on still older rocks. If all the radiolarian jasperoids belong to the lower 
Paleeozoic, this lower group must extend into Graham Land, and the foundations 
of South Georgia and Graham Land may be remnants of the Flabellites-Land of 
Professor SCHWARZ. , 

The second group apparently consists of marine Mesozoic rocks associated with 
contemporary volcanic tuffs. Both the lower Paleozoic and Mesozoic divisions may 
have been disturbed by earth movements connected with the upheaval of the Andean 
Mountain System. The evidence which connects South Georgia with the Andes has, 
however, not been strengthened by Mr Frrcuson’s work, for the igneous rocks which 
he collected are not Andean in affinity ; as Mr TyrreE.i’s descriptions show, they are 
rocks of alkaline types which are prevalent in the Atlantic area. 

Moreover, there is no evidence of any Kainozoic volcanic activity in South 
Georgia. There is an intrusive sill in the lower division of the Cumberland Bay 
Series and evidence of volcanic activity during the deposition of the rest of the 
Cumberland Bay Series. The south-western end of the island may contain igneous 
rocks with Andean affinities; but with the evidence now available the relations of 
South Georgia and South America are problematical. At present there does not 
seem to be adequate evidence to show whether South Georgia is a fragment of the 
Andes, or whether the mountain loop that must once have connected Patagonia with 
Graham Land passed west of South Georgia. 


DESCRIPTION OF PLATES. 


Puate XCII. 


Figs. 1-8. Fossils from the lower division of the Cumberland Bay Series between Leith Harbour and 
Nansen Harbour, South Georgia, collected by D. Frreuson, Esq. All the figures are natural size except 
figs. 7 and 8, which are two-thirds natural size :— 


Fig. 1. Fragment of a tabulate coral allied to Omphyma. 
Fig. 2. Camarocladia, 1 

Fig. 3. Camarocladia,? A long-stemmed variety. 

Figs. 4-6. Camarocladia,’ The fine-stemmed variety. 
Fig. 7. Cespitos fossil,? Calcareous sponge. 
Fig. 8. Buthotrephis, ? succulens, Hall. 


Puatz XCIII. 


Outlines of radiolaria from the Middle Cumberland Bay Series, Cape Pariadin, South Georgia. 
Drawings by Dr G. J. Hinpz, F.R.S. 
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Dr J. W. Grecory on “The Geological Relations and Some Fossils of South Georgia.”—Prate XCII. 


Fig. 1. Nat. size. Fic. 2. Nat. size. 


Fig. 3. Nat. size. Fic. 6. Nat. size. 
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XXV.—The Petrology of South Georgia. By G. W. Tyrrell, A.R.C.Sc., F.G.S., 
Lecturer in Mineralogy and Petrology, University of Glasgow. 


(MS. received March 2, 1914. Read July 6,1914. Issued separately May 20, 1915.) 
[Plate XCIV.] 


INTRODUCTION. 


The first petrographic description of the rocks of South Georgia was given by 
H. Tutracu in 1890, as part of the results of the German Scientific Expedition to 
that area of 1882-83.* He described the rocks as clay-slates interstratified with 
phyllite and phyllite-gneiss, with quartz-phyllite, cale-phyllite, and quartzite-slate. 
He also mentions a great development of interbedded schalsteine or diabase tuffs, and 
describes a rolled pebble of “ korniger gneiss.” His phyllite-gneiss is said to contain 
tourmaline, apatite, and andalusite. He emphasises the great crushing and disturb- 
ance the rocks have undergone. 

O. NorDENSKJOLD later described the South Georgian rocks obtained by the Swedish 
South Polar Expedition of 1901-3.t He mentions the great development of phyllitic 
slates, but would prefer to assign THiracnu’s “ phyllite-gneiss” to the sheared 
porphyries known as porphyroid. These rocks are said to contain andalusite. 
Tuvracu’s schalsteine are described as tufts, consisting of gperents of trachytoid 
and pilotaxitic “ porphyrites.” ; 

On the south-east coast of the island Fr. Hretm, a member of the German 
Antarctic Expedition of 1911 led by Lieutenant Fitcuner, found a series of basic 
eruptive rocks, including diabase and melaphyre, as well as blocks of plutonic rocks 
of dioritic and granitic habit. He describes the whole north coast, except Royal Bay 
and part of Cumberland Bay, as built of dark grey and bluish-grey schists and tuffs.{ 

The present paper gives the results of an investigation of about 110 rock 
specimens collected by Mr Davin Frrcuson in 1911-12, mostly from the northern 
coast of South Georgia. The majority of these rocks are of sedimentary origin, but 
there is a large series of tuffs, and two specimens of igneous rocks. 


I. Toe SEDIMENTARY SERIES. 


The sedimentary rocks form a series varying from pure argillaceous types, such 
as black shales and slates, to coarse, angular, quartzose grits, with the greater number 
of specimens intermediate between the argillaceous and arenaceous extremes. These 


* “Geognostische Beschreibung der Insel Siid-Georgien,” Intern. Polarforschung, 1882-3: Die deutsche Euped., 
vol. ii, 1890, pp. 109-166. 
+ “Petr. Unters. a. d. Westantarctischen Geb.,” Bull. Geol. Inst. Upsala, vol. vi, 1900, pp. 234-46. 
t “Geologische Beobachtungen tiber Siid-Georgien,” Zeitsch. Ges, Erdkunde, Berlin, April 1912. 
TRANS. ROY. SOC, EDIN., VOL. L, PART IV (NO. 25). 117 
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rocks may be regarded as arenaceous shales or slaty grits. They are generally fine- 
grained, dark in colour, resembling greywackes, and have suffered various grades of 
metamorphism, chiefly kataclastic, with but little new mineral formation. Shales 
have been converted into slates, with much crumpling of the lamination ; whilst the 
coarser grits have been sheared, with the formation, in some cases, of an “augen” 
texture. There are, however, certain mudstones and fine-grained argillaceous grits 
which have not been subjected to any great deformation, and only show an imperfectly 
developed cleavage. 

In the mass this assemblage of sedimentary rocks has a great resemblance to the 
older Paleozoic greywackes, grits, and shales of the Southern Uplands of Scotland, a 
resemblance heightened by the occurrence of radiolaria in both series. Many of the 
more highly metamorphosed types could be paralleled amongst the schistose grits and 
slates of the Highland Border in Scotland. 

For descriptive purposes the sedimentary rocks of South Georgia may be divided 
into arenaceous, argillaceous, and calcareous groups; but, as stated above, there are 
all gradations between the first two. Moreover, all the rocks have undergone some 
pressure-deformation ; in some, however, the shearing is of much more advanced 
character than in others, and a little new mineral formation has resulted. A sub- 
division may therefore be effected on this basis. : 

By far the commonest sedimentary type in South Georgia is a rock which is 
intermediate between arenaceous and argillaceous, and may be described as a gritty 
slate or a slaty grit. In its typical development it is a compact, fine-grained, dark 
rock, with varying degrees of fissility. Whilst highly quartzose, it contains a con- 
siderable quantity of felspars and other minerals, and might be described as a fine- 
grained greywacke. Microscopically it consists of a minutely crystalline quartz paste, 
with much filmy sericitic mica, which is occasionally pale green in colour. In this 
are embedded numerous angular grains of quartz, with much less numerous felspars, 
amongst which orthoclase, microcline, and oligoclase have been recognised. Other 
minerals seen in small quantity are epidote, chlorite, magnetite, ilmenite with borders 
of granular leucoxene, and sphene. Rock chips are rare; but fragments of chert, 
shale, and recrystallised schistose grit have been recognised. 

Some of the quartz grains have a broad corona in which the minute constituents 
of the groundmass are arranged radially around their peripheries. These grains are 
noticeably more rounded than others; but in detail they have a crenulate margin 
owing to an interlocking of the groundmass constituents with their borders. These 
appearances are probably due to solution of the grain under pressure, and the 
deposition of the dissolved material in its near vicinity. This process seems to go 
on with a progressive recrystallisation of the quartz-sericite paste, producing a coarser 
texture. With this type of metamorphism there has usually been no serious shearing. 

There is not much variation in the proportions of the various constituents. The 
quartz grains occasionally become abundant relative to the argillaceous groundmass, 
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and these rocks are coarser, affording transitions towards the arenaceous end of the 
series. In other types the quartz grains diminish in quantity, and the rocks pass 
into siliceous shales or slates. There is frequently a banding due to the alternation 
of more gritty and more shaly types. 

The coarser conglomeratic rocks of this series are probably in part those described 
by NorpENsKJ6LD as “ porphyroids,” but he undoubtedly includes in this group some 
types of sheared tutis. Many of the rocks certainly contain large augen of quartz 
and felspar in a dense, sheared, siliceous matrix; but all transitions between these 
and unquestionably clastic rocks can be traced. Moreover, some of the conglomeratic 
types contain pebbles of fine schistose grit, shale, and chert, as well as crystals of 
quartz and felspar. I do not regard these rocks as of igneous origin, but merely as 
products of the coarser conglomeratic phase of the argillaceo-arenaceous deposition 
in South Georgia, although they have probably been derived from the waste of an 
igneous area. Some rocks from New Fortune Bay, however, are devoid of rock- 
pebbles, and contain quartz and felspar augen in a dense, sheared, quartzose matrix. 
These may possibly be porphyroids ; but further evidence, such as a passage into an 
undoubted igneous type, is desirable before this identification can be accepted. 

The first effects of kataclastic deformation on these rocks is the alignment of 
the minute constituents of the groundmass, especially the scales of sericite, in the 
direction of shearing. Presently the larger quartz and felspar grains undergo the 
same alignment, and show good undulose extinction. Faint wisps of carbonaceous 
material wind round the grains and begin to outline the later development of an 
augen texture. A further stage is the rupture of some of the quartz and felspar 
grains, the latter along cleavage planes, into two or more pieces. The quartz breaks 
into irregular pieces which become separated and intermingled with the cement; the 
felspar fragments, however, frequently remain in close proximity to one another, and 
show good overthrust faulting in the direction of shearing. The final stage is marked 
by intense shearing, resulting in the production of great fissility, and a fine augen 
texture. The lamine of the rock, outlined by dark carbonaceous matter, wind round 
numerous ovoid or eye-shaped remnants of quartz and felspar. New mineral forma- 
tion is not at all conspicuous. Films, streaks, and folia of sericitic mica have been 
produced at the expense of the felspathic material in the cement; but the larger 
felspar augen have suffered little or no mineral change save, perhaps, on their borders. 
These rocks are to be regarded as phyllitic grits, and are probably the same as those 
described by Tuiracu as “ phyllit-gneiss.” The unsheared types described above 
are probably to be correlated with his “ quartzit-schiefer.” 

To judge from Mr Fercuson’s specimens and his descriptions of the rocks, the 
pure argillaceous types are subordinate in quantity to the more arenaceous. They 
consist of black shales, mudstones, slates, and phyllites. The chief difference between 
the shales and mudstones lies in the almost complete absence of lamination in the 
latter ; the mudstones are also frequently hard and cherty. In thin section the shales 
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and mudstones consist of an excessively fine quartz-flour, mixed with greenish 
sericitic mica, black opaque material which is partly iron-ores and partly carbonaceous 
matter, and much indeterminate material. A greyish granular substance, identified 
as leucoxene, is also present. The granularity of the material varies from a flour-like 
fineness to a comparatively coarse grade, at which point the rock passes into the 
argillaceous grits described above. Many of the rocks are finely banded with alter- 
nations of coarser and finer material. The coarser types are sometimes abundantly 
radiolarian. Some of the shales are largely composed of tuffaceous material, as 
is shown by the presence of felspars and sporadic scapolitisation (see postea, 
p. 829). 

The first effect of pressure on these rocks is to induce a slaty cleavage by the 
alionment of the minute constituent particles. At this stage there is little or no new 
mineral formation. With the advent of greater pressure and shearing stresses the 
cleavage laminations are closely crumpled and puckered, and are finally ruptured 
along parallel planes so as to produce a good strain-slip cleavage. The planes of the 
latter are frequently so close as to produce a new fissility which entirely obliterates 
the older. There is now considerable new mineral formation. The argillaceous 
material of the groundmass is transformed into large flakes and films of sericite. 
Ferriferous and other material has gone to produce clots, folia, and isolated crystals 
of a yellowish-green chlorite which shows good “ultra-blue” polarisation tints. The 
puckering and strain-slip is outlined by carbonaceous material (see fig. 1, Plate XCIV). 
These rocks are phyllites or slates in which there has been considerable new mineral 
formation. A further stage of metamorphism would produce mica-schist. The 
phyllites are thoroughly permeated with thin quartz veins which have suffered both 
puckering and strain-slip along with the other constituents, and therefore antedate 
the crushing. This series of rocks doubtless corresponds to TuHiracu’s thonschiefer 
and phyllit. 

The calcareous rocks in the collection are few in number. Some of them are 
described later as calcareous tufts. These consist of voleanic fragments embedded 
in a calcareous paste. Others may be described as calcareous grits. They contain 
numerous angular chips of quartz and felspar (oligoclase), with fragments of chert, 
shale, fine-grained grit, and trachyte, in a paste of muddy calcite mixed with crypto- 
crystalline siliceous matter. The bedding is outlined by wisps of carbonaceous 
material. Other types are devoid of rock-fragments save a few of trachyte-glass. 
These have faint traces of organic remains, which are, however, quite unrecognisable. 
Some of the calcareous types have suffered kataclastic deformation along with the 
other sedimentary rocks. A very fissile limestone-slate, from the lower division of 
the Cumberland Bay Series, occurs in the collection. Others are much crushed, and 
veined with quartz. In thin section one of these rocks is seen to be recrystallised 
into large mutually interfering plates of calcite, which show the bent, confused, and 
discontinuous twin-lamellation characteristic of strain. One of the phyllites of 
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the Cape George Series is decidedly calcareous. These calcareous rocks correspond 
to THiracu’s “ granular limestone” and “ kalk-phyllit.” 

The scarcity and gritty character of the limestones point to their inconstant and 
local deposition in an offshore area in which the dominant sedimentation was aren- 
aceous in character. The whole series, in fact, except perhaps some of the shales, is 
indicative of shallow-water origin in a sea bordering a coast on which volcanoes 
emitting dominantly trachytic lavas were intermittently active. The presence of 
radiolaria in many of the rocks does not invalidate this conclusion, for radiolaria are 
now known to occur in many rock-types of undoubted shallow-water origin.* 


Il. Tue Turrs. 


Megascopically the tuffs are hard compacted rocks of a dark grey to black 
colour, in which numerous small rock and mineral fragments can be distinctly seen. 
They closely resemble certain coarse greywackes. In thin section they are seen to 
consist of broken crystals and rock-fragments embedded in a fine-grained paste 
(Plate XCIV, fig. 3). Amongst the crystals the most abundant is orthoclase, frequently 
mottled in polarised light as to suggest the presence of the albite molecule. Various 
plagioclase felspars also occur. The commonest varieties are oligoclase, extinguish- 
ing at 5° to 10°, and andesine, with a maximum extinction of about 20°. There 
are occasionally a few sporadic grains of quartz. A remarkable feature is the almost 
complete absence of mafic (ferromagnesian) minerals. Only a few small fragments 
of a pale brown augite and specks of iron-ore have been noted. The augite is 
occasionally enclosed in orthoclase, and forms with it small glomeroporphyritic 
aggregates. The only other mineral of importance is scapolite, which has resulted 
from the alteration of the felspars, a process dealt with later. 

The great mass of the rock is built of small subangular to rounded fragments of 
igneous rocks. The majority of these are from 1 to 2 mm. in diameter, but range 
up to 6 mm. Most of the fragments are highly felspathic trachytes, consisting of 
small orthoclase laths with good flow-orientation, and containing phenocrysts of 
dominant orthoclase and subordinate oligoclase. Occasionally small crystals of pale 
brown augite are present. This rock is clearly the source of the broken crystals 
described above. It varies in crystallinity ; some fragments have a cryptocrystalline 
groundmass ; others consist of orthoclase phenocrysts in a pure yellowish-green glass 
devoid of microlites. Many fragments consist solely of flow-orientated laths of ortho- 
clase, and are free from phenocrysts, at least within the restricted limits of the 
fragment. These are often of comparatively coarse grain, and may be either 
porphyritic trachytes accidentally free from phenocrysts within the fragment, non- 
porphyritic trachytes, or rocks allied to the bostonites. In some fragments the pro- 
portion of oligoclase relatively to orthoclase increases until it equals or exceeds the 


* Dixon and Vau@uan, “The Carboniferous Succession in Gower,” Quart, Journ. Geol. Soc., xvii, 1911, p. 520. 
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orthoclase in quantity. The rock may then be regarded as a latite lava; but in 
the absence of extended sections it is possible that these fragments only represent 
accidental sporadic concentrations of oligoclase in a trachyte. 

Rock-fragments other than trachyte are rare. Amongst those found are ortho- 
phyres containing numerous small, uniformly sprinkled, altered grains of pyroxene ; 
a cryptocrystalline quartz-trachyte; a very few magnetite-blackened basaltic frag- 
ments; and scarce fragments of baked shale. No fragments of plutonic rocks were 
found ; neither were true andesites. Andesine felspar is prominent as phenocrysts 
in a few fragments, but in all these cases the groundmass is composed of orthoclase, 
and mafic (ferromagnesian) minerals are sparse or absent. 

The paste in which the crystals and rock-fragments are embedded consists of tiny 
chips of the same rocks mixed with comminuted felspars, turbid glass, sparse 
magnetite, and some minute indeterminate substances. The glass fragments are 
occasionally curved, but ash or “ bogen-structure” is not well developed in most of 
the slides, owing, perhaps, to the comparative rarity of vesicular material. The 
groundmass is sporadically scapolitised. 

The proportions of broken minerals, rock-fragments, and paste vary considerably. 
In the majority of the rocks the trachyte fragments make up the bulk of the material. 
In others, however, the crystals and fine paste are dominant. In the latter types 
spherical bodies consisting of cryptocrystalline silica are often found, and have been 
referred to radiolaria. Occasionally these are pseudomorphed in scapolite. 

These tuffs are built almost wholly of igneous material, mostly of trachytic 
affinities, and are therefore true trachyte tuffs. In general they are remarkably 
fresh, notwithstanding the peculiar alteration to scapolite many of the felspars have 
undergone. The scapolite occurs in irregular areas within the felspar crystals, both 
plagioclase and orthoclase, also as apparently independent areas always anhedral in 
form, and occasionally as an irregular replacement of the groundmass. Prismatic 
bounding planes are occasionally seen, which are parallel to a good cleavage. The 
mineral thus forms rude prisms, always with irregular terminations. Frequently, 
however, it is in more or less rounded grains aggregated together and occupying the 
space formerly held by a felspar crystal. The extinction is straight with the direction 
of extension of the prisms where these are present, and also with a prominent 
cleavage. This is doubtless the perfect cleavage parallel to 100; it is crossed occa- 
sionally by another at right angles, parallel to 010, and both these are intersected 
at 45° by a cleavage parallel to 110. The mineral polarises in bright colours similar 
to those of thick quartz; but frequently, in the same area, there are pieces which 
have a much lower double refraction, which is, at all events, higher than that of the 
felspar from which they have arisen. The prisms are optically negative in the 
direction of extension. 

All these characters agree with those of scapolite. On the other hand, the 
mineral is occasionally distinctly biaxial, and has simple or multiple twinning. The 
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latter can be shown to be continuous with that of the felspar crystal from which 
the mineral is derived, and is, in a sense, inherited from the felspar. In the same 
way the scapolite appears in some cases to retain the biaxial character of the felspar. 
The mineral, perhaps, should be regarded as intermediate between felspar and 
seapolite. It presents some points of resemblance to the scapolite of Oedegarden, 
Bamle, Norway, which has also been derived from felspar. According to Jupp, 
this scapolite also frequently retains the twinning of the felspar from which it is 
derived, and shows great variation in the strength of double refraction. In the 
South Georgia rocks it is probable that many grains represent incomplete stages in 
the process of the conversion of felspar to scapolite, and that their properties may 
likewise be intermediate.” 

The process frequently begins with a heightening of the polarisation-tints of a 
erystal of felspar, a heightening which is too general to be attributed to a local 
thickening of the slide. The mineral then usually breaks up into more or less 
rounded grains having many of the distinctive characters of scapolite. The altera- 
tion rarely seems to have any relation to cleavage or other fissures, or to the exterior 
boundary—or at least, such connection can rarely be traced. The final stage is a 
confused aggregate of rounded or rudely prismatic crystals of scapolite occupying 
the area formerly occupied by a felspar crystal. 

The alteration is very sporadic in character. Thoroughly scapolitised felspars 
may be adjacent to crystals totally unaltered. The small felspar crystals of the 
groundmass have also undergone sporadic scapolitisation, and it is a remarkable fact 
that the radiolarian tests occurring in these rocks have frequently been changed to 
scapolite. The presence of scapolite was demonstrated chemically by digesting the 
rock-powder with dilute nitric acid and a little hydrofluoric acid, and testing the 
filtrate with silver nitrate solution. A considerable precipitate showed the presence 
of chlorine.t The rock was previously searched for apatite, the only other mineral 
containing chlorine likely to be present, but none was found. 

Though carefully sought for, no indications were seen as to the manner in which 
the accessions of sodium chloride and lime necessary to convert the felspar into 
seapolite were conveyed into the rock. There is no trace, for example, of the 
eavities filled with sodium chloride solution, which were found by Jupp in the 
felspars of the Oedegarden rock. Jupp considers the chemical reactions necessary 
to form scapolite from felspar are facilitated, if not effected, by the stresses suffered 
by the rock during dynamo-metamorphism. The South Georgian scapolite tuffs 
have also withstood considerable pressure, resulting in an imperfect cleavage. 

The tuffs are interbedded with, and pass into, very fine banded shaly material. 
In thin section this is seen to consist of excessively fine volcanic material, mixed 


* Mineralogical Magazine, viii, 1889, 186-98. eek a 
+ I am indebted to A. Furck, B.Sc., of the Radiometric Laboratory, Glasgow University, for carrying out 


this test. 
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with splinters of quartz, and minute wisps of sericite. They probably represent 
voleanic mud or dust interbedded with the coarser tuffs. 

In a few of the rocks the paste becomes calcareous. Rounded trachyte 
fragments and mineral chips are embedded in a groundmass consisting of muddy 
calcite. Scapolitisation of the felspars has taken place in these rocks, but to 
a much smaller extent than in the non-calcareous tuffs. The volcanic frag- 
ments may become few and far between, and the rock may then be regarded as 
a limestone. 

In hand specimens the tuffs are seen to have been affected by an imperfect 
cleavage which traverses the bedding-planes at a high angle. This, however, seems 
to have had surprisingly little effect on the internal arrangement of the constituents. 
In a few specimens the rock-fragments and crystals have a rude alignment in the 
direction of cleavage. 

The trachyte tuffs are probably the rocks described by THtracu as “ diabas- 
schalstein.” They have also been described by NorpENSKJOLD, who has identified 
the included rock-fragments as “‘ porphyrites.” 


III. Ianzous Rocks oTHER THAN TUFFS. 


There are only two specimens of igneous rock in Mr Frrcuson’s collection, besides 
the tuffs. One is from a basic sill intruded into the black shales of the lower 
division of the Cumberland Bay Series; the other is a porphyry from the moraine at 
the head of Moraine Fiord. 

The intrusive rock is a dull white in colour, obviously much altered, and pene- 
trated by veins of quartz. In thin section it is built of large plates of comparatively 
fresh colourless augite, penetrated by laths of decomposed felspar now only recognis- 
able by their shapes (Plate XCIV, fig. 6). There is also much interstitial decomposed 
felspathic material, mixed with pale green to colourless serpentine. The felspars 
are largely replaced by a dark grey, finely granular, highly refracting material 
which resembles some varieties of saussurite. The rock may be called ophitic 
dolerite, ophitic diabase, or ophitic gabbro, according to whether it is desired 
to place emphasis on the ophitic fabric, the decomposition of the rock, or its 
coarse texture. 

The porphyry from Moraine Fiord is a pinkish rock containing dull white felspar 
phenocrysts in a compact aphanitic groundmass. In thin section the phenocrysts are 
seen to consist of orthoclase, oligoclase-andesine (Ab;Ans;), chloritised hornblende, and 
biotite, in a fine-grained but holocrystalline quartzose groundmass (Plate XCIV, fig. 5). 
The felspar phenocrysts form large euhedral crystals, and have suffered considerable 
sericitisation. The crystals are full of orientated flakes of white mica. The horn- 
blende has been partially and the biotite completely chloritised. This alteration 
seems to have disengaged magnetite, which occurs in small specks throughout the 
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The volumetric proportions of phenocrysts to one another and 
to the groundmass have been estimated by the Rosiwal method with the result 


Orthoclase : ‘ : : é Peat its) 
Oligoclase : : : : : 5 kere 
Hornblende . ; ; : : Fela Os, 
Biotite . : : ‘ : : fe aa) 
Groundmass . ; : ; : 5 ORD 


The groundmass consists mainly of quartz intermingled with sericitised orthoclase. 
Epidote, chlorite, apatite, sphene, and a little iron-ore are also found. The epidote 
and chlorite are undoubtedly derived from the alteration of small scraps of biotite. 
The proportions of the various constituents of the groundmass are roughly estimated 


as follows :— 


Ouariz ~ y : ; . : ’ 50 
- Orthoclase (sericitised) . : 40 
Epidote and chlorite ; ; 6 
Sphene : ; 2 
Apatite . ; : 1 
Iron-ore . 1 


Combining ‘the two sets of figures we get the following as 


mineral composition or mode of the rock : 


The rock is therefore a granite-porphyry. 


Onartz . ; . : : : . o2i6 
Orthoclase : . 388°9 
Oligoclase (Ab; Ans) : eke 
Hornblende . : =. 65S 
Biotite, with epidote and chlorite. 5 
Sphene . ; ap amlise) 
Apatite . ’ : 6 
Iron-ore . : : : : : : wi 


the approximate 


It well illustrates the fallacy of the 


prevalent practice of basing the identification of a porphyritic rock largely on its 
phenocrysts. Considering the latter alone, the rock would be regarded as a 
monzonite-porphyry. 


IV. DisrripuTion AND AFFINITIES OF THE Rocks oF SouTH GEORGIA. 


Assuming that Mr Frrcuson’s collection is representative, and that the number 
of specimens of each type roughly corresponds to the bulk-development of that rock, 


it is possible to make some general remarks as to the distribution of the rock- 
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types in time, if not in space. The development of each type is shown in the 
following table :— 


Total No. Argill. 
of | Tuffs, ete. | and Aren. | Limestones. 
Specimens. Sediments. 
Cumberland Bay Series, Upper Division . 8 i 1 0 
3 a Middle __,, 35 7 23 5 
4 Pr Lower PA ; 64 6 57 1 
Cape George Series . : : , : + 0 4 0 


Igneous material is present throughout the Cumberland Bay Series. Its amount 
appears to be relatively greatest in the upper division, and it decreases steadily 
through the lower divisions. Calcareous rocks are most abundant in the middle 
division, but are throughout very subordinate in quantity to the dominant arenaceo- 
argillaceous series. Amongst the latter, radiolarian rocks occur sparingly in each of 
the three divisions. Furthermore, the grade of metamorphism of the rocks increases 
steadily downwards through the series, and reaches its greatest development in the 
phyllites and “ augen’”-erits of the lower division of the Cumberland Bay Series. The 
four specimens belonging to the Cape George Series are phyllitic, and do not sensibly 
differ from many of those of the lower division of the Cumberland Bay Series. 

From all available sources of information South Georgia may therefore be re- 
carded as consisting of an extensive sedimentary series, mainly arenaceous in character, 
but with a considerable development of argillaceous types and of bedded trachytic 
tuffs. A few calcareous grits or gritty limestones are found intercalated with the 
dominant greywackes. Some of the shales, slates, and fine-grained tufts are radio- 
larian. Other fossils have been found, but their evidence as to the age of the series 
is decidedly ambiguous. The rocks are highly folded, and in some cases sheared and 
metamorphosed. Some of the coarser sheared quartzose rocks of the lower division 
of the Cumberland Bay Series may be porphyroids, but it is desirable not to press 
this identification until further and less equivocal evidence is obtained. 

Igneous rocks other than interbedded tufts do not appear to be extensively de- 
veloped. Herm found an “ altvuleanischer” area consisting of basalts and melaphyres 
at the south-east end of the island. With this, perhaps, the diabasic intrusion found 
by Mr Frercuson in the lower division of the Cumberland Bay Series may be cor- 
related. Herm also collected rocks of granitic and dioritic character from the 
moraines and beaches of Slosarezyk and Larsen Fiords. These are probably derived 
from a granito-dioritic complex now largely buried beneath the central ice-cap. The 
granite-porphyry collected by Mir Frrcuson from the moraine at Moraine Fiord, 
Cumberland Bay, may be associated with this series. 

The principal problem on which the geology of South Georgia may be expected — 
to throw light is the nature of the tectonic connection between the Andes and the 
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mountain-range of Graham Land, known as the “ Antarctic Andes.” According to 
Surss,* the Andes, after turning to the east in Tierra del Fuego, form a great 
eastwardly directed loop, of which the West Antarctic islands are the unsunken 
remnants. This loop passes through South Georgia, and returns through the South 
Sandwich Islands and the South Orkneys to Graham Land, where the trend becomes 
north-east and south-west. This loop of islands Sugss considered to be homologous 
to the Antilles, connecting the tectonic lines of North and South America, and he 
therefore proposed to call them the “Southern Antilles.” 

In an interesting discussion of this question O. NorpENSKJOLD?t points out that, 
in contradistinction to the Central American Antilles, there is here no continuous 
island-chain, and that no submarine connection exists between the islands, although 
this fact does not prove that they are geologically unconnected. NorpENSKJOLD is 
of the opimion that the South Georgian sedimentary series is not represented in the 
continental mountain-ranges. J.G. AnpeRsson told him that he had found tuff-rocks 
externally similar to those of South Georgia at Harberton in Tierra del Fuego, but 
NoRDENSKJOLD does not press this identification.{ According to the very few obser- 
vations made, the South Sandwich Islands appear to be composed of basaltic lavas of 
recent extrusion.§ 

The rocks of the South Orkneys, however, possess a decided affinity to some of 
those of South Georgia. They consist of folded, massive, greenish or greyish grey- 
wackes, with coarse conglomerates, slates, and shales, in which a graptolite, Plewro- 
graptus, has been found, thus establishing their Silurian age.|| These rocks are 
very similar to the arenaceo-argillaceous series of South Georgia, especially the 
lower division of the Cumberland Bay Series, as I have had the opportunity of 
proving by the examination of thin sections of some rocks collected by the Scotia 
Expedition. Amongst these rocks was a small rounded pebble of a typical spilite, 
a lava-rock which is characteristically associated with Palzeozoic sediments. 

The eruptive rocks of Graham Land are strikingly analogous with, those of the 
Andes.) The sedimentary rocks of the mountain-ranges of this region, according to 
NorDENSKJOLD, form a connected series of greywackes or sparagmite-like rocks with 
clastic texture, consisting of mineral and rock-fragments, hardly any of which are 
eruptive, embedded in a carbonated groundmass. These are followed by fossiliferous 
dark shales and light-coloured tufts. As shown by plant-remains at Hoffnungs Bay, 
these rocks are of Jurassic age. As far as the brief petrographical descriptions go, 
these rocks are similar to some of those of South Georgia, which, according to the 


* H. Suxss, The Fuce of the Earth, English trans., vol. iv, 1909, p. 489. 
+ Die Schwedisch Sud-Polar Exped. und Ihre CGeographische Tatigkeit, 1911, pp. 211-13. 
t Ihid., p. 212. 
§ Ibid. 
| J. H. Prriz, “On the Graptolite-bearing Rocks of the South Orkneys,” Proc. Roy. Soc. Hdin., xxv, 1905, 
pp. 463-70. 
4 O. Norprenskséup, “Petr. Unters. a. d. Westantarctischen Gebicte,” Bull. Geol. Inst. Upsala, vi, 2 (1900), 
pp. 234-40 ; also see “ Antarctis,” Handbuch der Regionalen Geologie, Band viii, 6, pp. 5-9. 
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radiolaria, may also be partly of Jurassic age.* Amongst the loose blocks strewn 
on the surface, in the moraines, or occurring as boulders in the Late Mesozoic or 
Tertiary conglomerates, dark phyllitic slates, some of which are highly sericitic, — 
are frequent. 

In Dundee Island, close to Joinville Island, Ap the coast of Graham Land, a few 
specimens have been got which are very similar to some South Georgian types. 
These were collected by Captain Ta. Roperrson of Dundee during a sealing trip, and 
have been described by Sir A. Gerkie and Dr J. J. H. TEati.¢ They consist of 
various types of granite, a tuff, and a red jasper pebble containing radiolaria, 
amongst which, according to Dr Hinpg, the genera Cenosphera, Carposphera, and 
Cenellipsis are represented, along with Hexactinellid sponge spicules. These radio- 
laria have also been identified in the radiolarian rocks of South Georgia. The tuff is 
a greenish rock consisting largely of crystals and fragments of water-clear felspars 
which are generally untwinned. There are also small lapilli of andesitic character, 
and grains of pale augite and iron-ore. One crystal of brown hornblende was 
also identified. The resemblance of this rock to the interbedded tuffs of South 
Georgia is obvious. 

It may therefore be concluded that, while many of the ue of South Georgia 
appear to be similar to those found in other West Antarctic areas, their identity as 
regards petrographic character and age cannot be accepted on the meagre evidence 
at present available. Furthermore, pending the detailed examination of the rock- 
specimens collected by the Filchner Expedition, it cannot be said that the igneous 
rocks of South Georgia are of decided Andean affinities. The granito-dioritic series 
discovered by Herm may prove to be Andean in type, but the characteristic andesitic 
volcanic rocks have not yet been discovered, either in situ or as loose blocks. The 
interbedded tufts of South Georgia are distinctly of alkaline or “ Atlantic” affinities, 
if we may use a much-debated term, and differ entirely from the rocks of the 
Andean suite. 

The question of the tectonic relations of South Georgia to South America on the 
one hand, and Graham Land on the other, must of course be decided primarily on 
tectonic evidence, but the petrographical character of the rocks may afford valuable 
confirmatory evidence. Unfortunately, our knowledge of South Georgian petrography 
is as yet too limited for the evidence of the rocks to be decisive on the problem of 
the “Southern Antilles.” The discovery of a granito-dioritic series in the south-east 
of the island perhaps tilts the balance of evidence towards the interpretation favoured 
by Suess; although an alternative interpretation mentioned as possible by Professor 
GREGORY, that South Georgia may form part of Professor ScHwarz’s Flabellites 
Land,} is by no means out of court. 

* J. W. Grucory, “The Geological Relations of South Georgia,” Geol. Mag., Feb. 1914, p. 64. 
+ Sir A. Gerxig, “ Notes on Rock Specimens from the Antarctic Regions” (with petrographic notes by Dr J. J. H. 


Twa), Proc. Roy. Soc. Edin., xxii, 1898, pp. 66-70. 
+ Loe. cit., p. 64. 
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[ Postscript, December 8, 1914.—Mr Frreuson has recently received a new 
collection of twenty-seven specimens of rocks from the extreme south-eastern 
end of South Georgia. Both igneous and sedimentary types are represented “in 
this collection. Amongst the igneous rocks are a few specimens of ancient 
acid lavas and intrusions. Many of these have suffered extreme epidotisation, 
but can still be recognised as felsites and quartz-trachytes. One or two specimens 
are still comparatively fresh, especially a spherulitic felsite from Larsen Bay. 
These rocks occur in Larsen Bay, Slosarczyk Bay, and along the coast between 
the last-mentioned locality and Cape Disappointment. With this acid series may 
perhaps be associated an alaskite from Cooper Island, using the term alaskite to 
denote a granitic rock practically free from ferromagnesian constituents. The re- 
maining igneous rocks comprise some fresh ophitic dolerites, which occur in all the 
above-mentioned localities, and probably form a series of dykes and sills. A compact 
basalt from the coast between Cape Disappointment and Slosarezyk Bay may repre- 
sent the contact-facies of one of these dolerites. 

The sedimentary rocks include a siliceous slate from the coast between Cape 
Disappointment and Slosarczyk Bay, fine-grained quartzites from Drygalski Bay 
and Larsen Bay, and a hornfelsed shale from Slosarezyk Bay. There are also 
specimens of quartz-veins in phyllite from Cooper Island and the coast between 
Slosarezyk Bay and Cape Disappointment. From this locality a fragment of a 
‘lenticle of crystalline limestone in phyllite was collected. 

Whilst this new collection widens the range of rocks now known in South 
Georgia, and introduces new problems, it does not appear to invalidate the general 
conclusions drawn from the study of Mr Frreuson’s original collection. The igneous 
rocks described above probably belong to Hxtm’s “altvulcanischer” area of the south- 
eastern part of South Georgia. The phyllite with quartz-veins and limestone lenticles 
probably represents the lower part of the Cumberland Bay Series or the underlying 
Cape George Series, but the quartzites are unlike any of these rocks as yet described, 
and may belong to a different series —G. W. T.] 
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DESCRIPTION OF PLATE XCIV. 


Fig. 1. x8. Banded arenaceoua slate, showing strain-slip in argillaceous bands associated with foldin 
arenaceous bands. Lower Division, Cumberland Bay Series, Royal Bay, South Georgia. 
Fig. 2. x44. Radiolaria in fine, muddy tuff. Middle Division, Cumberland Bay Series, Leith 
South Georgia, 
The radiolaria are now represented by white spherical bodies consisting of eryptocrystalline s 
Fig. 3. x 24. Crystal tuff. Lower Division, Cumberland Bay Series, Port Gladstone, South Georgia 
This consists of clear fragments of fresh orthoclase and dark chips of trachyte in about p. 
portions, embedded in a scanty indeterminate gronndmass. 
Fig. 4. x 8. Coarse tuff or agglomerate. Middle Division, Gamba Bay Series, Cambed 
South Georgia. 
This differs from the above in containing much larger fragments of trachyte. 
Fig. 5. x12. Granite-porphyry, loose block in Moraine Fiord, Cumberland Bay, South Georgia. 
‘ This rock shows sericitised phenocrysts of felspar and chloritised hornblende and bioti 
quartzose microcrystalline groundmass. $ 
Fig. 6. x12. Ophitie diabase, intrusive in Lower Division, Cumberland Bay Series, Royal 
South Georgia. 
The rock is much decomposed, and consists of altered felspar laths came in slide), ‘pent 
large areas of colourless augite, 
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XXVI.—The Anatomy and Affinity of Deparia Moorei, Hook. By John M‘Lean 
Thompson, M.A., B.Sc., Glasgow University. Communicated by Professor 
Bower. 


(Read November 16, 1914, MS. received December 15,1914. Issued separately May 22, 1915.) 


[Plates XCV—XCVIL. | 


According to the brief account of this rare plant given in Hooksr’s Hzotic Ferns 
(1859), Deparia Moorei, Hook., was discovered in 1850 by Mr Cuarues Moorg, 
director of the Government Botanic Gardens, Sydney, in a dense wood by the side of 
the Copenhagen River, New Caledonia. 

In Kew Garden Miscellany (February 1852), Sir Witt1am Hooker referred to it 
under the above name as “ a new species of Deparia, dedicated to its discoverer.” 
Hooker mentioned it as “‘a Deparia having reticulate veins,” which might “ entitle it 
to rank as a new genus,’ and accordingly he “ placed it in a section distinct from 
Eudeparia, or those with free veins, under the name of Trichocarpus, from the 
resemblance which the stipitate sori bear to some species of T'richia.” 

Mr J. Situ also adopted it as a new genus, and in his Catalogue of Kew Garden 
Ferns referred to it as Trichocarpa Moores. 

Mr T. Moors likewise considered it entitled to rank as a new genus, and in the 
Proceedings of the Linnean Society (February 1853) he named it Ciontdiwm Moorei. 

In the Synopsis Filicum, Deparia was adopted as a distinct genus, and Deparia 
Moorei was in 1874 stated to be closely allied to Dicksoma. 

In a descriptive note on Depama nephrodioides, Bak., from Lord Howe's Island, 
Mr J. G. Baker, writing in The Gardener's Chronicle (February 24, 1872), expressed 
the belief that Deparia has “no rightful claim to be regarded as a genus in itself, but 
that it would be better to reduce it to a section of Dicksona.” He further noted 
that all known Deparias, except Deparia Moorez, belong to tropical America. 

In the Synopsis Filicwm (1883), Deparia was maintained as a distinct genus, and 
Deparia Moorei was one of seven species mentioned. 

H. Curist, in Die Farnkrduter der Erde (1897), placed Deparia prolifera in 
Athyrium and Deparia Moore: in Aspidium, while G. Mertentus has suggested a 
Woodsia affinity. 

Dists (EZ. and P. Nat. Pfl.),1, 4, p. 186 (1899) sank Deparia Moore: in Aspidium, 
and C. CHRISTENSEN adopted this position in his Indea Filicum (1906). 

In The Origin of a Land Flora (1908), Professor BowEr suggested a Davallioid 
affinity, and it is further to be noted that other plants bearing the generic name 


Deparia have passed under such names as Davallia, Dennstzdtia, and Oleandra. 
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Such uncertainty of opinion regarding the systematic position of Deparia Moorei— 
and, in fact, of the group of plants which at some time or another have borne the 
generic name Deparma,—indicated that its position could not be defined with any 
degree of certainty until it had been subjected to a careful investigation. This 
investigation I undertook at the suggestion of Professor Bowrr, and to him I am 
indebted for much valuable guidance and criticism. My best thanks are due also to 
Lord Bure, in whose laboratory part of the investigation was conducted. 

Deparia Moorei, Hook., is well figured in Hooxer’s Hxotic Ferns, on Pl. xxviii. 
It has a short, sturdy, horizontal creeping rhizome, bearing a few scales towards its 
apex. The leaves are crowded upon the axis, and when well developed are nearly a 
foot in length. The firm, slender rachis bears both scales and hairs, and divides into 
three pinne, which, taken collectively, have a cordate-deltoid circumference. The 
broad lamina is thin but firm, and bears numerous minute hairs. The pinne are 
deeply cut towards their bases into broadly toothed lobes, and their venation is 
closely reticulate. The sori are marginal or are borne on the upper surface of the 
lamina at the ends of small veins. They are slightly stalked, and are thus distinctly 
projecting beyond the leaf-margin or above the upper surface. At maturity the 
indusium is cup-shaped, and has a slightly crenate margin. 


‘Tur Axis: 


The axis is a short, condensed, and slow-growing horizontal rhizome, measuring 
some 2% ins. in length, and, at most, $ im. in breadth. On the lateral and upper 
margins especially of the broad blunt apex, the leaf-primordia form a close series of 
protuberances beset with brown scales and young roots. Leaf-bases arranged in close 
succession and numerous thin, fibrous roots occupy the remaining surface of the axis. 

Near the apex the superficial tissue is a narrow zone of small, irregular, slightly 
sclerotic cells, raised here and there into mounds which form the broad bases of the 
brown scales. 

In form these scales are fairly regular (fig. 19). They are lanceolate, with 
acuminate tips, and bear on their margins curious branched or unbranched hairs 
(figs. 18, 14), which lie along the minutely serrate margin of the scales, or jut obliquely 
outward. Towards the attenuated and tortuous apices of the scales shorter un- 
branched hairs predominate. The broad scale-bases are formed of minute and usually 
colourless cells one or two layers in thickness, but the greater part of each scale 
consists of rather thick-walled oblong cells of a light brown colour. The scales are 
closely adpressed to the axis throughout their entire length. 

The superficial tissue in older parts of the axis is usually a broader sclerotic zone 
from which the scales have been removed. 

Towards the apex of the axis the ground tissue consists entirely of small-celled, 
compact parenchyma, containing abundant minute starch grains and occasional 
crystals of calcium oxalate, but in older parts the sclerotic character has progressed 


THE ANATOMY AND AFFINITY OF DEPARIA MOOREI, HOOK. 839 


inwards through the cortex, gradually transforming the originally thin-walled storage 
cells into hard, thick-walled tissue. In the oldest portions of the axis the pith is, in 
like manner, partially or completely transformed. 

The vascular system is a perforated dictyostele, appearing in transverse sections 
of a robust portion of the axis as a ring of usually small, irregular meristeles around 
an ample pith, and surrounded by a broad cortex containing numerous leaf-trace 


bundles and roots (text-figs. i, viii). The general outline of those sections is 
usually very irregular, for the leaf-bases vary in size, and, crowding one upon another 
on the surface of the axis, merge gradually into the general cortical tissue. 

From each leaf-gap of the dictyostele there gradually pass out to a leaf-base a 
group of four or five leaf-trace bundles. Should the leaf-trace consist of four bundles, 
two are large and two small. The large bundles are to pass into the rachis towards 
its upper or adaxial side, the smaller ones towards its lower or abaxial side. Should 
the leaf-trace consist of five bundles, two are large and become adaxial in the rachis, 
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three are small and abaxial. Occasionally the leaf-trace, on its way through the 
cortex, consists of only three bundles. Not uncommonly a thin commissure locally 
unites any two of the small abaxial bundles, or forms a short bridge between 
an abaxial and an adaxial strand. No such commissures link the two large adaxial 
bundles. 

Here and there a root springs from the base of a leaf-gap (figs. 31, 40), and, 
pursuing its course on the outer side of the leaf-trace from the same gap, passes 
quickly to the surface of the axis. Many of the roots are not, however, directly 
connected with leaf-gaps, but arise as offshoots of the small abaxial leaf-trace bundles, 
either close to the points of insertion of the leaf-trace bundles on the margins of the 
leaf-gaps, or at quite considerable distances from the points of insertion on the gaps. 
(text-fig. xxiv and fig. 40). Other roots arise independently on the outer surfaces of 
the strap-like meristeles. 

The axis is by no means of uniform thickness throughout, and while the vascular 
system of the more robust portions in the specimens investigated shows fairly 
advanced dictyostely, a much less divided condition of the stele is found in other 
parts (fig. 31). Those portions are more slender, and were formed, no doubt, during 
less favourable periods when the apical region and leaf production were small. In 
those more slender parts of the axis leaf-traces seldom spring from the lower surface 
of the stele, which is then locally devoid of leaf-gaps, and may take the form of a 
thin, curved strap of conductive tissue quite uninterrupted for some distance, or 
pierced only by small circular or oval perforations. 

Some support is lent to the above interpretation of the fluctuations in the general 
condition of the dictyostele by the following facts. In an old plant—about half the 
stele of which is represented in the reconstruction (fig. 40)—the axis became gradually 
reduced in bulk towards the apex, and here bore only a few leaves inserted laterally 
and on the upper surface. The series of sections into which this apex was cut are 
represented in text-figs. 1x—xxv1. 

Accompanying the reduction of axis and leaf was a corresponding progressive 
reduction in the dictyostele. At some distance from the apex transverse sections 
showed the stele to be a fairly advanced dictyostele composed of some half-dozen 
strap-shaped meristeles (text-fig. xxvi). But on passing forward the number was 
reduced to four and then to three, this being effected by the union of the meristeles 
towards the lower surface of the axis into a long narrow strap from which not a 
single leaf arose (text-figs. xxv—xxii). Still further forward this strap was irregularly. 
pierced by small circular and oblong perforations (text-figs. xxi-xiv), while close to 
the apex an almost solenostelic condition was established, and the diameter of the 
stele was greatly reduced (text-figs. xiiiix). Further, it was found that while in 
the more robust portion near to the apex of the axis the leaf-trace bundles traversed 
in the sections were relatively large and strong and usually in groups of four and five, 
leaf-traces consisting of three or even two bundles, and usually fairly small, were found 
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close to the apex (text-figs. xxvi-ix). It seems probable that this reduction of axis, 
stele, and leaf-trace was the expression of waning vitality, and that the fluctuations 


in the condition of the stele are records of the vicissitudes through which the plant 
has passed. 

The leaf-gaps vary greatly in form and size. Some are short and approximately 
oval, while others are irregularly deltoid, or long and tortuous (fig. 40). Gaps of 
this latter type are less common than the oval or deltoid gaps, and are found usually 


on the lower side of the stele. 
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The irregularity in the number of leat-trace bundles has been referred to, and it 


should be noted that although five bundles are frequently found to constitute a trace 
on its way out through the cortex, this number is usually established by the division 
into two of one of the four bundles arising directly from a leaf-gap. In like manner 
a leaf-trace originally consisting of three bundles is usually possessed of four or five 
strands before it has passed into its leaf-base. 

The two large bundles which take up an adaxial position in the leaf-base and 
rachis arise constantly one on each side of the leaf-gap, seldom close to its summit, 
and frequently at ditferent levels. For the remaining bundle or bundles, whose 
position in the leaf-base and rachis is abaxial, the insertion is either at the base of 
the gap or on its side or sides. The leaf-gaps represented in the reconstruction will 
give some idea of the variety of detail seen in the gap-form and in the leaf-trace. 
The long leaf-gap figured on the right of the reconstruction is particularly worthy 
of note, bearing, as it does, roots on its margins towards the top, and a leaf-trace of 
four bundles towards its base. 

The perforations are as variable in form and size as are the leaf-gaps, and are 
irregularly distributed (fig. 40 and text-figs. i-xxvi). They are always smaller than 
the leaf-gaps, and range from minute circular piercings of the stele to fairly large, 
elongated, irregular openings. 

There is some variety in the histological details of the meristeles. In those parts 
of the vascular system showing advanced dictyostely each meristele usually appears 
in transverse section as a solid central mass of tracheides surrounded by a narrow 
zone of small-celled phloem, which is, in turn, enclosed in a double row of large- 
celled pericycle delimited from the cortex by an endodermis of brown, barrel-shaped 
cells. But at times the small meristeles, which appear circular in transverse section, 
have a core of parenchyma through which a few tracheides are scattered, while the 
main body of xylem forms a closed ring around the parenchyma. In those parts in 
which a less advanced dictyostely is found, and the meristeles are narrow and 
elongated in transverse section, the parenchymatous replacement of tracheides is 
even more extensively developed, and the pericycle is less conspicuous and smaller 
celled than in the much divided portions of the stele. 

It will be evident that the vascular system is of an advanced type, and is 
characterised by pronounced plasticity of form. 


THE Root. 


The roots are uninteresting. They are thin, black, and fibrous, and seldom 
branch. The cortex is about twelve cells broad, and its inner zone is a small-celled 
sclerotic band. The endodermal cells are narrow and tangentially elongated, while 
the pericycle usually consists of two layers of large, thin-walled cells. The xylem is 
diarch, and appears in transverse section as a solid mass of tracheides with broad 
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bands of small-celled phloem on its flattened sides. The pericycle is usually in con- 
tact with the protoxylems at the ends of the xylem plate, and at those points 
contains specially large cells which appear to possess mucilaginous contents. 


THE Racuis. 


The typical rachis of a well-grown leaf is slender and unbranched. It is about 
6 ins. long and tapers gradually from the base, which is somewhat distended and 
may measure slightly over § in. in breadth. At the point of departure of the 
pinne it is usually about ~y in. broad. Very occasionally it is branched near its 
base, but one of the two branches thus formed is short and aborted. 

In transverse section the outline of the rachis is fairly regular and slightly 
flattened antero-posteriorly. 

The dermal appendages are scales and hairs. The majority of the scales are 
inserted on the lower side of the rachis; the majority of the hairs occupy the upper 
surface. In young and unexpanded leaves, scales are borne along the entire length 
of the rachis, but when the leaf is full-grown the scales have, as a rule, been shed 
from the upper part of the rachis, but the hairs universally persist. The scales 
seem to ditfer in only one detail from those found around the leaf-bases on the axis, 
namely, that whereas the bases of the scales found on the axis are composed of 
colourless cells, the scales on the rachis are of a uniform golden-brown colour. 

There are both branched and unbranched hairs of very varying form, but, 
doubtless, some of the types observed are merely development stages of others. 
Each hair stands on a rather enlarged epidermal cell. The most typical forms are 
depicted in fig. 20. The short unicellular hairs are never apparently glandular, 
but the small apical cells of the long, tapering, unbranched hairs are usually of a 
glandular nature. Unbranched hairs consisting of three or four stout cells are quite 
common, but those do not taper, and their apical cells are seldom glandular. The 
branched hairs are usually shorter than the unbranched forms, are curiously bent, 
and are almost invariably glandular. Such a series as that represented in fig. 20 is 
frequently seen in a single section of the rachis, there being, apparently, no definite 
distribution of the various types of hair. 

In the leaf-base itself, the greater part of the ground tissue is, at maturity, 
sclerotic (fig. 10). The péripheral zone is composed entirely of small sclerotic cells, 
and any tissue which retains its original parenchymatous nature lies in a central 
position. Parenchyma bulks more and more largely in the ground tissue as the 
rachis is ascended, and the peripheral sclerotic zone is correspondingly reduced but 
still remains conspicuous throughout the entire length of the rachis (figs. 9-5). 

The epidermal cells are firm and thick-walled, and, with the exception of those 
which form the bases of hairs and scales, are universally small. Along the entire 
length of the rachis, on both its right and left sides, is a slight ridge or lateral line 
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marking the positions of a succession of points at which necks of thin-walled tissue 
traverse the peripheral sclerotic zone and establish connections between the central 
ground-parenchyma and the epidermis. At those points the epidermal cells are 
thin-walled, and occasionally a stoma is formed. These lateral lines mark the 
positions of two chains of lenticels. 

The details of the number of bundles in the leaf-trace and of the course which 
they follow once they have entered the leaf-base are very variable. It has already 
been stated that a leaf-trace which consists of three bundles when it leaves the 
leaf-gap, may be possessed of four or five strands before it passes into the leaf-base. 
In no case was a sturdy leaf-base found to possess less than four leaf-trace bundles. 

This at least is constant. The two largest bundles in the trace have sprung one 
from each side of the leaf-gap, seldom close to its summit and often near its middle. 
At no point in their passage through the cortex are they united by commissural 
strands, and when they enter the leaf-base they take up adaxial positions at a good 
distance apart, and—as seen in transverse section (fig. 10)—slant towards each other 
so that if their long axes were produced they would meet to enclose a right angle. 
Throughout the entire length of the rachis they retain their adaxial positions, and 
maintain their independence of each other. 

The remaining two or three bundles of the trace enter the leaf-base towards its 
abaxial side. They are invariably smaller than the adaxial strands, and vary in size 
among themselves. From point to point on their way through the leaf-base into 
the rachis their relative positions change. At one point two bundles suddenly 
approach each other and establish a connection by a short, thin commissure, or 
become fused for a little distance. At other levels a short strand locally unites a 
small abaxial bundle to the nearest corner of one of the large adaxial strands, or a 
narrow bundle passes from an adaxial strand and gradually approaches and finally 
unites with an abaxial strand. } 

The lowest portion of the rachis is, in fact, marked by sudden and varied 
anastomosings mainly involving the small abaxial bundles, and thus the leaf-trace 
which at one point consists of five strands may suddenly reduce to four. It may 
then increase as suddenly to six, only to be again reduced to five (figs. 10-7). The 
dominant number of strands in the short basal part of the rachis is five, six strands 
being established only very locally. Higher in the rachis the changes in number and 
disposition of the bundles are fewer and less sudden, and, as a rule, the small abaxial 
strands alone are involved in the anastomosings. From thence upwards for some 
distance the bundles fluctuate from four to five in number, but at length settle down 
to be a group of four, consisting of two very similar large adaxial and two unequal 
abaxial strands (fig. 6). In this region the larger abaxial bundle always tends to lie 
in a position about equidistant from the adaxial strands, while its smaller neighbour 
is more lateral. At length a junction is made between the abaxial strands and the 
trace is reduced to three bundles, Four strands are, however, again established, 
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and a region follows in which the trace possesses at one point four, at another point 
three, strands. Towards the top of the rachis the trace is uniformly composed of 
three strands (fig. 5), and this condition is maintained to the point of departure of 
the pinnee. 

In illustration of the relative proportions of the rachis in which the various 
numbers of leaf-trace bundles were found, it may be stated that out of a total of 
805 sections of fairly uniform thickness into which a rachis was cut, 298 possessed 
three strands, 335 had four, 166 had five, while only 6 had six. 

The histological details of the large adaxial bundles are—as seen in transverse 
section—fairly constant, but in this respect the small abaxial strands are naturally 
more variable. In the leaf-base an adaxial strand consists of an elliptical mass of 
tracheides surrounded by a narrow even zone of phloem. Both the pericycle and 
endodermis are one cell broad, and the inner and lateral walls of the latter are 
especially thickened. At this level the details of the small abaxial strands are 
usually reproductions in miniature of the arrangement just mentioned. The pro- 
toxylems are seldom distinctly marked. 

Throughout the greater part of the rachis, however, while the general elliptical 
form is maintained by each adaxial strand, the xylem is more attenuated in section, 
appearing as a slightly curved mass usually possessing a protoxylem group at each 
end, but having the bulk of its metaxylem collected towards the abaxial end of the 
bundle (figs. 9-5). The phloem is a broad, small-celled zone, almost or completely 
enclosing the xylem and surrounded by a pericycle which consists of two large-celled 
rows on the upper side of the bundle, but increased to four or five rows on the lower 
side. The endodermis is as in the leaf-base, but thin-walled passage cells are 
abundant opposite the more adaxially situated protoxylems. Apart from the variety 
in form and size, the scarcity of passage cells in the endodermis, and the uniform 
thickness of the pericycle, nothing need be mentioned regarding the abaxial strands. 

The foregoing account of the anatomy of the rachis will suffice to show that the 
leaf-trace is of an advanced type, and that, when followed from the leaf-base to 
the point of departure of the pinna-traces, it is found to undergo considerable 
reduction. 


ANATOMY OF THE PINNA-TRACES. 


The rachis divides into three primary pinne. One is the median upward con- 
tinuation of the rachis, the other two are lateral and project abruptly to the right 
and left respectively. The lateral pinne do not depart at exactly the same level, 
but one stands slightly above the other. This is not without its bearing on the 
mode of separation of the pinna-traces from the three bundles of the rachis. Slight 
differences in detail from the following account were observed in some of the leaves 
examined, but those were only minor differences, and their existence alone need 


be noted. 
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The division of the three bundles constituting the leaf-trace at the top of the 
rachis, and the separation and nature of the three pinna-traces alone need be 
described, for the ground tissue, epidermis, and hairs in this transitional region are 


Fig. BLK. 
is = : 


identical with those of the rachis. It should be noted that the following account is 
based on a leaf in which the left pinna departed at a lower level than the right- 
hand pinna. 

The very summit of the rachis is distended, and antero-posteriorly flattened, and 
the abaxial bundle—which was the smallest of the group of three in the region 
immediately below—is enlarged and elongated laterally (figs. 3 and 4, and text-figs. 
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lvi, lv). Its xylem soon divides into two groups, but its endodermis shows little or 
no sign of dividing (text-fig. liv). The right adaxial strand has meantime sent out 
a projection of its xylem towards the abaxial bundle, and the endoderma of those two 
come together and unite (fig. 3, and text-figs. liv, liii), This is, however, only a 
local junction, and at a slightly higher level the bundles are again separated and the 
projection of xylem in the right adaxial strand is nipped off from the main xylem 
mass as a little group of tracheides (text-fig. lii). Still higher up the elongated 
abaxial bundle divides into two small circular strands. The left-hand bundle of the 
two thus formed now approaches the left adaxial strand (text-figs. li, 1), and when 
they have partially united by the union of their endoderma the condition repre- 
sented in fig. 2 and text-fig. xlix is arrived at. A local separation of the small 
strand already partially distinct from the right adaxial bundle may occur (text-fig. 
xlviii), but the union thus severed is at a slightly higher level restored (text-fig. 
xlvii). In the immediately succeeding region the adaxial strands are elongated, and 
the xylem of the left-hand one is divided (text-fig. xlvi). The division of this 
original adaxial strand is next accomplished while the right adaxial strand is pre- 
paring to undergo a similar division into two, and the small bundle loosely associated 
with it has finally become separated from it (text-fig. xlv). When at a slightly 
higher level the division of the right adaxial strand has taken place, and the minute 
bundle on the extreme left is free from its larger associate, the trace consists of four 
large and three small strands, seven in all (text-fig. xliv). Of these, two large and 
one small are already grouped in a middle position as the vascular supply to the 
middle pinna. The separation of the three pinne from each other, and the 
establishment in each of a trace of three strands is illustrated in text-figs. xliii, xlii. 
This separation into nine strands—three of which supply each free pinna—is not of 
course accomplished by the semultaneous division of the adaxial bundles in the 
traces of the lateral pinne, but is im accordance with the levels at which those 
pinne depart. 

It will be evident that the following steps in this process are fundamental: the 
division into two of the original small abaxial strand from the top of the rachis; the 
association of one of those thus formed with one of the large adaxial strands; the 
separation of a small abaxial bundle from the other adaxial strand; the division of 
each adaxial strand into two bundles of fairly equal size; the central grouping of the 
three strands of the middle pinna; and the further division into two of the remain- 
ing single adaxial strands, which, with their small abaxial associates, enter the 
lateral pinne. 

The other details are peculiar to the particular leaf investigated. The details of 
the pinna-traces as they ascend into the lamina are naturally variable, but because 
the underlying plan in all three pinne was found to be the same, the trace of a 
middle pinna alone will be briefly outlined. 

It is roughly illustrated in the series of figures (text-figs. xli-xxvii, and fig. 1). 
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Partial rewnions are made between the adaxial strands at various points, but when 
the lamina—which is decurrent on either side—is reached, the trace has again 
three distinct bundles. To right and left finer veins depart from the adaxial bundles, 
and as the lamina is ascended and the midrib thins out, the small abaxial strand 
unites with one of its adaxial neighbours, and the trace is reduced to two strands, 
one being larger than the other. Further on the larger strand divides, and when 
one of the two bundles thus formed has united with the smaller strand, the trace is 
again binary. ‘Towards the end of the midrib the two strands fuse, and the small 
single bundle thus formed dies away in the tip of the lamina. 

It may be worthy of note that while the course and nature of the small abaxial 
strands has been so variable, nevertheless, throughout almost the entire course of 
the leaf-supply, the large abaxial bundles have been conspicuously uniform in size, 
form, and position, and it is not until the pinne are reached that fluctuations appear 
in them. Those fluctuctions are, however, preparatory to the reductions necessary 
in the lamina. As a point of comparison with Deparia prolifera, Hook. and 
Grv.—which will be mentioned later,—it is to be noted that towards the base of 
the rachis there are in that species only two large slanting bundles composing the 
leaf-trace, and thus, at this level at least, its leaf-trace is on a simpler plan than that 
of Deparia Moorer, Hook. 


THE LAMINA. 


In each section the margin of the developing lamina is usually seen to be occupied 
by a wedge-shaped, marginal, initial cell, from the inclined inner surfaces of which 
alternating segments arise, but occasionally in specially thin parts the marginal initial 
is a two-sided cell from whose inner surface narrow parallel segments arise, and thus, 
locally, the margin is of an almost filmy texture. At maturity the lamina is usually 
thin, its mesophyll is well ventilated, stomata are numerous on both surfaces, and the 
marginal cells form a narrow, firm border. Unbranched hairs are abundant on both 
surfaces along the course of the larger veins and more scattered over the finer reti- 
culations and general surfaces, and while the leaf is still unexpanded, curious branched 
and unbranched glandular hairs are scattered over the lamina. It will be evident 
(figs. 15-18) that these hairs are distinctly different from those found on the rachis. 

From the midrib of each pinna a fairly prominent vein runs to the tip of each 
pinnule, and as it passes forward gives off, right and left, numerous delicate anasto- 
mosing strands. Only here and there is this fine network directly connected with 
the midrib of the pinna, and then only by single, narrow strands (fig. 12). I mention 
this point so as to draw a comparison with the condition in Deparia prolifera, whose 
pinnz have an open venation in which the central veins of the pinnules are alone 
connected with the midrib of the pinna (fig. 11). In Deparia prolifera, in the 
material examined, all the veins of each pinnule reach the leaf-margin, but in 
Deparva Moorei only a limited number actually reach the margin, and many which 
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at first sight appear to do so, are found, by microscopical examination, to stop just 
short of the margin, or to end in thin-walled, elongated, parenchymatous cells, 
evidently replacements of the storage tracheides typical of bundle endings. Similar 
parenchymatous bundle endings are, moreover, sometimes found where two fine 
branches of the reticulum approach each other, and though not actually uniting, 
their tracheides are linked by a bridge of long, thin, parenchymatous cells. It is also 
to be observed that in Deparia prolifera, with rare exceptions, the sori are all 
marginal, but in Deparia Moorei, while the majority of the sori are truly marginal, 
a number are scattered on the upper surface of the leaf. These superficial sori are 
always terminal on the veins which bear them, and unless a vein—whether it reach 
the margin or not—is provided with a sturdy ending of storage tracheides, it never 
terminates in a sorus. Professor FaRMER has appended a note to a specimen of 
Deparia Moorei in Kew Herbarium, stating that the superficial position of the sorus 
is most common in garden-grown plants. 

The thin texture of the lamina of Deparia Moorez, the less pinnatifid nature of 
its pinnz,—compared with those of Deparia prolifera,—its recticulate venation, and 
the fact that many of the bundle endings fall just short of the margin, or if they 
actually reach the margin, lack the typical sturdy endings, have all their bearing on 
the positions which the sori hold in Deparia Moorer. In fact, it is suggested that 
they are part-cause of, or effects associated with, the occasional production of the sori 
on the upper surface instead of in the truly marginal positions. I also believe that 
unless a bundle ending which reaches the margin is from an early period adequate, 
or unless the margin is itself at a very early stage sufficiently sturdy to support a 
marginal sorus, such a sorus is seldom if ever initiated. This may account for the 
fact that although a careful study was made of the development of the marginal sori, 
no stages were found suggesting that a sorus had been initiated on the margin and 
had been bodily removed at a later stage from its marginal position by the out- 
growing of anew margin. All the stages observed went to prove that any portion 
of the leaf margin on which a sorus was initiated, remained, throughout development, 
an inherent part of the sorus itself. Each individual, superficial sorus may then be 
regarded not as having been shifted inwards from the margin, but as a structure 
which has been initiated in a new and independent position. 

In other words, the view is entertained that the superficial position of the sorus, 
where it occurs, is not the result of a “ phyletic slide,” in the sense used by Professor 
Bower in the Blechnoid Ferns (Ann. of Bot., July 1914, p. 386). On the other 
hand, it will be shown from developmental stages, that the exact marginal position 
in which the sorus originates is liable to alteration in the course of development, so 
that when mature, it faces obliquely upwards: a point of difference from many 
other ferns whose sori are of marginal origin, and in which the mature sorus faces 


obliquely downwards. 
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DEVELOPMENT OF THE SORUS. 


Division begins in the original wedge-shaped, marginal initial-cell, and a group of — 
wedge-shaped cells is formed (figs. 21-23). One cell in the centre of this group takes 
the lead and a new wedge-shaped, marginal initial-cell arises (fig. 24). Somewhere 
back from this new initial a superficial cell becomes enlarged and distinctly protruded, 
and marks the point of origin of the lower, abaxial lip of the indusium. After a 
few more segmentations—mainly from the upper surface of the new marginal cell— 
have taken place, the upper, adaxial lip of the indusium appears as a large projecting 
cell (fig. 25). The indusium having thus been established, the remainder of the 
group of marginal cells is destined to give rise to the soral-receptacle. But, as will 
be seen. from fig. 26, the origin of the upper part of the indusium may be delayed, 
although the lower part is well advanced. It will be observed that the marginal 
initial-cell is still recognisable. A slightly different condition is represented in 
fig. 27. The upper adaxial lip of the indusium has just appeared, but is removed 
some distance from the margin. More space is thus devoted to the receptacle. A 
single initial-cell can no longer be recognised, but a sporangium initial has arisen 
near the centre of the receptacle. 

A median section cut in a plane at right angles to the plane of the preceding 
sections is represented in fig. 28. A sporangium initial occupies a median position 
on the receptacle, and the indusium is seen to be continuous on the lower surface and 
sides of the receptacle. When figs. 27 and 28 are compared, it is evident that the 
indusium is continuous around the receptacle, but that the upper lip may lag back at 
an early stage of development and be withdrawn to the upper surface of the lamina. 

From such sections as these it would appear that although it cannot be said 
that the marginal initial-cell becomes the initial of the first-formed sporangium, 
the first sporangium initial is, however, almost or quite median on the receptacle. 

But the condition represented in fig. 29 is sometimes found, and when the sections 
to right and left in the series are counted it is found that such a section as this is 
truly the median section of the sorus. It is impossible to say which is the first 
sporangium initial, but the group of initials is, at least, truly marginal, though the 
upper lip of the indusium is clearly withdrawn on to the upper surface of the lamina. 

A median section of a much more advanced sorus is depicted in fig. 30. The 
indusium is now well advanced and the receptacle is bulky and expansive. It is 
evident that the sorus is a “ mixed” one, but that the middle sporangium is slightly 
more advanced than any of the other sporangia. There is, in fact, a slightly 
basipetal succession. 

All the marginal sori of this age which were examined were of this 
character, and showed some trace of the basipetal succession. 

A median section of an almost full-grown sorus is represented in fig. 34. The 
“mixed” character of the sorus is now very prominent, but a glance over the 


«< mixed” 
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sporangia will suffice to show that the original basipetal sequence has not been 
obliterated. 

Occasional long-branched hairs are found among the sporangia. The upper lip 
of the indusium can no longer be said to be less advanced than the lower lip, and 
the vascular supply to the relatively massive receptacle contains a copious fan of 
storage tracheides. 

To one point I would draw particular attention. 

Such a section as that depicted in fig. 34 might, if taken by itself, suggest that 
while the sorus is clearly marginal, the slight upward tilt is merely accidental and 
has no bearing on the development, and while a casual examination of mature sori 
might show that here and there a sorus is slightly tilted—as in figs. 34 and 41,—it 
might be considered that this point is negligible. But Iam of the opinion that the 
tilting of the sorus is nothing less than the result of the process briefly outlined 
in the foregoing paragraphs, by which the receptacle has been increased by en- 
croachment upon the upper surface of the lamina, either so as to provide or 
maintain a large receptacular surface, or to furnish a greater receptacular mass in 
which to develop the bundle ending, than would be possible if the upper surface of 
the lamina were not encroached upon. 

Apart from its initiation and early stages, the development of the superficial 
sorus agrees in the main with that of the marginal sorus. 

The superficial sorus is initiated by the formation of a small mound of tissue to 
which at an early stage a procambium strand is directed (fig. 32). The upper surface 
of the mound becomes the receptacle, and from the sloping sides the indusium arises 
as a collar (fig. 33). 

The sorus is “mixed,” and it is worthy of note that in some cases the median 
sporangium is so much ahead of its neighbours in development that the basipetal 
succession is quite pronounced. 


THE SPORANGIUM. 


- At maturity the sporangium possesses a long stalk, composed of three rows of 
cells, and frequently bearing a small lateral branch (figs. 34, 37, 38). The capsule is 
flatly biconvex, and its cheeks vary considerably as to the number and form of the 
cells which they contain (figs. 35-38). The annulus is perfectly vertical. The 
number of cells composing it is variable, there being from thirteen to fifteen in- 
durated, and seven to nine unthickened cells. The stomium is wide and is extended 
more upon one cheek than the other. The number of spore-mother cells is small, 
and, as the result of the examination of a large number of sporangia, I concluded 
that the number is never much larger than twelve. The largest number seen in 
section of any sporangium was ten, and five to seven were the numbers usually seen 
in section (fig. 34). The spores are elliptical, and their outer walls usually possess a 
few ridges with minute, wart-like markings (fig. 39). 
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THE MATURE Sorvs. 


The mature sorus, whether marginal or superficial, possesses a short, narrow — 
stalk (figs. 34, 41). The indusium expands outwards as a shallow membranous cup 
with a thin and slightly crenate margin, and bears at times on both its surfaces 
minute, unbranched hairs. The capsules of the mature sporangia rise above the 
margin of the indusium, and spore dispersal is easily accomplished. 

In general construction, the marginal sori of Deparia Moorei closely resemble 
those of Deparia prolifera. ; 


SUMMARY AND CONCLUSIONS. 


I have no information regarding the gametophyte, nor have I examined the 
structure of axis and leaf in young plants. It must therefore remain to be seen what 
light such data may throw upon the problem of the phyletic place of Deparia 
Moorer. The nature of the stele, the leaf-trace, and the venation, in very young 
plants, would also present points of value. But it will be at least evident that the 
vascular system of the axis is, in mature plants, of an advanced type, and it may 
reasonably be affirmed that the marked variability in the degree of dictyostely is an 
index of an inherent plasticity. It seems reasonable to suggest that the reductions 
in size, and simplification of structure in the direction of solenostely shown in fig. 40, 
is related to the cultural conditions. The plant from which the material was derived 
had lost ground both in size and healthiness of its leaves. 

The leaf-trace is certainly not of a simple type, and if a comparison with the 
condition of the trace in the leaf-base of Deparia prolifera is of any value in a 
phyletic sense, Deparia Moorei will, in this respect, be entitled to a more advanced 
position than that species. 

The dermal appendages cannot at present be employed with confidence in 
questions of affinity, unless backed by substantial evidence in other respects, but 
taken by themselves they may be regarded as of an advanced nature. 

No intermediate condition has been recorded between the open venation of other 
Deparias and the advanced reticulate venation of Deparia Moorez, and this may 
indicate that the gap which separates Deparia Moore: from other Deparias is 
fairly wide. 

It has been shown that in Deparia Moorei the typical sorus is exactly marginal 
in origin, but that during development the soral receptacle is slightly extended to 
the upper surface of the lamina. On this extension of the receptacle may depend 
the initiation and proper nourishment of sufficient sporangia on the thin leaf-margin. 
The positions of the superficial sori are determined by the reticulate venation. It 
is not improbable that the reticulate venation in Deparia Moorei has evolved from 
an open venation in conjunction with an expansion of the lamina, and a reduction in 
the number of the pinne, If this be so, the bundle endings of the reticulum which 
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do not reach the leaf-margin may have provided new points of origin for sori. The 
sori thus initiated must be, from their first origin, superficial sori. The selection of 
the upper rather than the lower leaf-surface for the origin of the superficial sori is 
an exceptional feature, but there seems some ground for the opinion that whatever 
determines the selection of the upper surface for encroachment by the marginal sori, 
likewise determined the position of the truly superficial sori. It may be that the 
superficial sori are, when the leaf is expanded, open to exposure to too strong illumi- 
nation, but the broad and thin type of leaf probably indicates that the plant is 
adapted to a shade habit. The situation of dense shade in which Moore’s original 
plants were gathered may lend some support to this suggestion. 

It would be difficult to prove which had the priority in initiation, the reticulate 
venation, or the superficial position of the sori. They may have evolved together. 
They are, however, at least interdependent in that it is the reticulum which supplies 
the conductive tissue to the superficial sori. [Iam inclined to believe that in this 


ease the priority of initiation is to be given to the venation, and that the superficial 


position of certain exceptional sori is adopted because convenient vein-endings which 
do not reach the leaf-margin have offered the physiological opportunity for soral 
formation even at points apart from the normal. Such sori may be held as relatively 
late and individual developments, rather than as undermining the value of the 
normal position of the sorus as a criterion for comparison of Ferns. 

The mixed sorus with slightly basipetal succession is certainly an advanced 
feature, and it is not surprising that gomg along with this are the long-stalked 
nature of the sporangia, the vertical annulus, and the small spore-output per 
sporangium. 

As regards the systematic or phyletic position of Deparia, various opinions 
have been held. The genus was recognised as distinct in the Synopsis Filiewm, 
having been founded by Hooker and Greve. In the generic description (lc. p. 55) 
it is stated to include “three very rare tropical species, with broad, ample leafy 
segments, which differ from Dennstedtia mainly by thei extra-marginal sori.” 
By ‘“extra-marginal” is here meant the stipitate state which they show. The 
relationship with Dennstedtia is clearly suggested. The reticulate species designated 
Cionidium by Moors, and later styled Deparia Moorei was also included by Hooker 
in the genus Deparia. More recently, however, J. G. Baker suggested the actual 
inclusion of the genus Deparia in Dicksonia (Gard. Chron., Feb. 1872). This was 
at a time when Dicksonia was held to include Dennstedtia. This inclusive genus 
—Dicksonia—having now been broken up, the genus Deparia, like the genus 
Dennstedtia, would take substantive rank, but would remain related to the 
Dicksonioid-Davallioid series. 

On the other hand, Curist (Farnkrduter, pp. 223, 230) placed Deparia prolifera 
in Athyrium, and Deparia Moorei in Aspidium, thus separating generically these 
two allied species. Drexs (FE. and P., I, 4, p. 186) includes Deparia in Aspidium ; 
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a conclusion also adopted by CHRISTENSEN in his Index Filicum. In light of the 
facts detailed in these pages,—and especially those facts relating to the development 
of the normal marginal-sorus of Deparia Moorex—I am unable to agree with the 
conclusions arrived at by Curist, Diets, and CHRISTENSEN, regarding the phyletic 
position of this Fern. 

In the first place, in attempting to place Deparia Moore: systematically and 
phyletically, a comparison with Deparia prolifera—the best known and most 
distinctive species—is ready to hand. The relationship of those two ferns has been 
generally recognised, and the facts advanced in the above pages do not cast any 
doubt on its validity. It may be held to be a true affinity. This opinion is retained 
notwithstanding that Curist places Deparia prolifera in the genus Athyriwm, and 
Deparia Moorei in the genus Aspidiwm, with special comparison with Aspidiuwm 
cicutarium. But the similarity in normal position and in construction of the sori 
would appear to leave no room for doubt that Deparia prolifera and Deparia 
Moorei should be placed in the same genus. The differences between these species 
are significant. Deparia prolifera has open venation, and long leaves with numerous 
and relatively narrow pinne. Its sori are constantly marginal; and a general com- 
parison with the Davallioid ferns appears ready to hand. Deparia Moorei has, 
however, a reticulate venation, and relatively few broad pinne, while the sori are 
mostly marginal in origin, though occasionally isolated sori appear upon the upper 
surface of the leaf. When the locality specified by CHartes Moore for Depama 
Moorei is recalled, ““in a dense wood by the side of the Copenhagen River, New 
Caledonia,” the conclusion seems probable that in Deparia Moorei we see a species 
specialised for life in moist shade. A similar state is seen in Hypodermis as com- 
pared with its ally Woodsia (cf. Bowmr, Studies in Phyl. of Filic., ii, pp. 306-308). 
In both Deparia Mooret and Hypoderris the pimnation appears to have been 
simplified, and the venation to have become reticulate. A somewhat similar state 
is seen in Onoclea sensibilis, as compared with Struthopteris (Meétteuccia). Similar 
comparisons might be drawn from other genera. Such comparisons point to the 
conclusion that in Deparia Moorei we see a derivative type, advanced from the 
condition seen in Deparia prolifera. The advance in the lamina has been in relation 
to conditions of dense shade. Such a conclusion also accords with the more advanced 
anatomical state of the rachis of Deparia Moore: as compared with that of Deparia 
prolifera. As regards the soral position, Deparia Moorer normally shares with 
Deparia prolifera the marginal origin, as in Davallioid types. The occurrence of 
occasional sori on the upper leaf-surface in Deparia Moorez is also held to be a 
derivative state, that is, a result of bodily transfer of the factors of soral initiation 
(whatever these may be) from the normal marginal position to points upon the 
surface of the lamina. An analogy for such a bodily transfer is seen in the case of 
Polystichum anomalum, where the sori, normally on the lower surface, are developed 
on the upper surface of the leaf. The result of those comparisons is to recognise 
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Deparia prolifera as the more primitive, Deparia Moorei as the derivative, of these 
two allied species. 

The mere anatomical facts would not preclude the phyletic position adopted 
by Diets and CHRISTENSEN for Deparia, but the normal position of origin of 
the sorus is distinctly against it. It has been shown in the above pages, from 
observation of the earliest stages, that the sorus of Deparia Moorei is normally 
of marginal origin. The actual margin of the leaf, with its marginal initials, is 
involved in forming the receptacle. In fact the relations are exactly those demon- 
strated by Bower for Dicksonia, Saccoloma, Davallia, and others of the series 
“Marginales.” This in itself would appear sufficient to rule out any direct 
affinity for Deparia with Athyriwm or Aspidiwm, which belong to the series of 
the “ Superficiales.” 

But it may be objected that certain of the sori of Deparia Moorei are superficial, 
and hence that the distinction between those alternative series breaks down in the 
very species which is the subject of this paper. 

Those who attach weight to this objection must take into account the great 
constancy of the distinction between those alternative series as stated by Bownr. 
If this is fully realised, it will then appear probable that the occurrence of superficial 
sori in Deparia Moorer is a late and isolated example of departure from phyletic 
habit, which is liable to occur under special conditions in isolated cases. Such 
examples cannot be held to overthrow the conclusions derived from a wide study of 
more primitive types. 

The conclusion may then be stated, that the consensus of the morphological 
characters described in these pages—in so far as they are indices of physiological 
advancement—place Deparia Moorei high in the scale of Ferns, and point for it a 
Davallioid affinity in the sense briefly explained by Bowrr in The Origin of a Land 
Flora, and recently more clearly indicated by him in “Studies in the Phylogeny of 
the Filicales,” iii, Annals of Botany, July 1913. 


EXPLANATION OF TEXT-FIGURES. 


Figs. i-viii. Part of a series of transverse sections of a sturdy axis showing the most advanced 
dictyostele found. x 6. 

Figs. ix-xxvi. A series of eighteen sections into which the apical part of an axis was cut; this is part 
of the series from which the reconstruction (fig. 40) was made. 

This series illustrates the most reduced stellar condition found. x 6. 

N.B.—Stele is represented in black ; leaf-trace is shaded ; root is mottled. 

_ Figs. xxvii-Ivi. A series of diagrams indicating the course of the vascular system from the top of the 

rachis to the tip of a pinna. x12. 
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EXPLANATION OF FIGURES IN PLATES XCV-XCVII. 


° 


Fig. 1. Transverse section of a pinna just before the lamina is entered. x 24. 

Figs. 2, 3, 4. Transverse sections of transitional region lying between rachis and separation of pinnae, 
and illustrating three steps preparatory to separation of pinne-traces, x 24. ' 

Fig. 5. Transverse section of rachis, near its summit. x 24, 

Figs. 6, 7, 8, 9. Transverse sections of rachis at ee lower levels, and illustrating the varied 
nature of the leaf-trace. x 24, : 

Fig. 10. Transverse section of leaf-base, showing distention of base, sclerotic ground tissue, and five 
leaf-trace bundles. x 24. 

Fig. 11. Plan of venation and soral position in pinna of Deparia prolifera (Bk.). (Natural size.) 

Fig. 12. Plan of venation and soral position in pinna of Deparia Moorei. (Natural size.) 

Figs. 13, 14. Types of hair on margins of scales (fig. 19). x 24. 

Figs. 15, 16, 17, 18. Types of glandular hairs on lamina. x 24. 

Fig. 19. General form of scale borne on both axis and rachis. x 12. : . 

Fig. 20. Types of hair found on rachis. x 24. 

Figs. 21, 22, 23. Hlustrating the production of the group of caren cells from the large wedge- 
shaped iadpenal initial-cell of the lamina. x 24, 

Fig. 24. Selection of new wedge-shaped marginal cell, and initiation of lower lip of indusium. x 24. 

Fig. 25. Initiation of upper lip of indusium, and the delimitation of the soral-receptacle. x 24. 

Fig. 26. An illustration of the way in which the initiation of the upper lip of the indusium may be. 
delayed. x 24. ‘ 

Fig. 27 illustrates the initiation of the upper lip of the indusium upon the upper surface of the 
lamina and the selection of the first sporangium initial, ~ 24. 

Fig. 28. A section through a sorus of about the same age as that represented in fig. 27, but cut inte 
plane at right angles to plane of foregoing section. It illustrates the median position of first sporangium — 
initial, and (with fig. 27) the continuity of indusium around the receptacle. x 24. 

Fig. 29. Section of a marginal sorus, with upper hip of indusium well withdrawn from leaf-margin, 
and a number of sporangial initials of much the samme age crowded upon the receptacle. x 24, : ; 

Fig. 30. Section of an older sorus, showing the ‘‘mixed ” character, and slight basipetal sequence. x 24, 

Fig. 31. Transverse section of the axis showing general disposition and number of meristeles in the 
areater part of the axis. x 12. 

Figs. 32, 33. Two stages in the development of the superficial sorus. The former shows the partial 


delimitation of the receptacle, the latter, an advanced stage in the development of the indusium. The 


middle sporangium is most advanced, and the basipetal succession of sporangia it quite pronounced. x 24. 

Fig. 34. A section of an almost mature marginal sorus, showing the characteristic slight upward tilt, 
and the “mixed” condition. A slight trace of the basipetal succession remains. x 24. 

Figs. 35, 36, 37, 38. Various views of mature sporangia, to show the vertical position of the annulus 
and “three-cell” stalk. (Natural size.) 

Fig. 39. Mature spore, with pustulate ridges. x about 40. 

Fig. 40. An accurate reconstruction of half axis of a fairly old plant, and showing part of the lower side 
of the stele. x12, This reconstruction was made in the following way. The axis was cut into a large — 
series of sections. These were all kept in their order and proper positions, and camera-lucida drawings 
made from them, Each drawing was then redrawn as seen ‘‘on edge.” The drawings thus provided were — 
subsequently “telescoped” so as to give the result of the drawing of a solid body. 

Fig. 41. A view of two mature marginal sori. x about 30. 
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XXVII.—Morphology and Mathematics. By D'Arcy Wentworth Thompson. 
(Read December 7, 1914. MS. received February 1, 1915. Issued separately June 22, 1915.) 


The study of Organic Form, which we call by Gorrue’s name of Morphology, is 
but a portion of that wider Science of Form which deals with the forms assumed by 
matter under all aspects and conditions, and, in a still wider sense, with Forms which 
are theoretically imaginable. 

The study of Form may be descriptive merely, or it may become analytical. We 
begin by describing the shape of an object in the simple words of common speech : 
we end by defining it in the precise language of mathematics; and the one method 
tends to follow the other in strict scientific order and historical continuity. Thus, 
for instance, the form of the earth, of a raindrop or a rainbow, the shape of the 
hanging chain, or the path of a stone thrown up into the air, may all be described, 
however inadequately, in common words; but when we have learned to comprehend 
and to define the sphere, the catenary, or the parabola, we have made a wonderful 
and perhaps a manifold advance. The mathematical definition of a “form” has a 
quality of precision which was quite lacking in our earlier stage of mere description ; 
it is expressed in few words, or in still briefer symbols, and these words or symbols 
are so pregnant with meaning that thought itself is economised ; we are brought by 
means of it in touch with GaLiLeo’s aphorism, that “the Book of Nature is written 
in characters of Geometry.” 

Next, we soon reach through mathematical analysis to mathematical synthesis ; 
we discover homologies or identities which were not obvious before, and which our 
descriptions obscured rather than revealed: as, for instance, when we learn that, 
however we hold our chain, or however we fire our bullet, the contour of the one or 
the path of the other is always mathematically homologous. Lastly, and this is the 
greatest gain of all, we pass quickly and easily from the mathematical conception of 
Form in its statical aspect to Form in its dynamical relations: we pass from the 
conception of Form to an understanding of the Forces which gave rise to it; and in 
the representation of form, and in the comparison of kindred forms, we see in the 
one case a diagram of Forces in equilibrium, and in the other case we discern the 
magnitude and the direction of the Forces which have sufficed to convert the one 
form into the other. Here, since a change of material form is only effected by the 
movement of matter, we have the support of GALILEO’s second aphorism, “ Jgnorato 
motu, ignoratur Natura.” 

In the morphology of living things the use of mathematical methods and symbols 


has made little progress; and there are various reasons for this failure to employ a 
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method whose advantages are so obvious in the investigation of other physical forms. 
To begin with, there would seem to be a psychological reason lying in the fact that 
the student of living things is by nature and training an observer of concrete objects 
and phenomena, and the habit of mind which he possesses and cultivates is alien to 
that of the theoretical mathematician. But this is by no means the only reason ; for 
in the kindred subject of mineralogy, for instance, crystals were still treated in the 
days of Linna&us as wholly within the province of the naturalist, and were described 
by him after the simple methods in use for animals and plants: but as soon as Haty 
showed the application of mathematics to the description and classification of crystals, 
his methods were immediately adopted and a new science came into being. 

A large part of the neglect and suspicion of mathematical methods in organic 
morphology is, [ think, due to an ingrained and deep-seated belief that even when — 
we seem to discern a regular mathematical figure in an organism, the sphere, the 
hexagon, or the spiral which we so recognise merely resembles, but is never entirely 
explained by, its mathematical analogue ; and, in short, that the details in which the 
figure differs from its mathematical prototype are more important and more interest- 
ing than the features in which it agrees. This view seems to me to involve a mis- 
apprehension. There is no essential difference between these phenomena of organic 
form and those which are manifested in portions of inanimate matter. No chain 
hangs in a perfect catenary and no raindrop is a perfect sphere: and this for the 
simple reason that forces and resistances other than the main one are inevitably at 
work. The same is true of organic form, but it is for the mathematician to unravel 
the conflicting forces which are at work together. And this process of investigation 
may lead us on step by step to new phenomena, as it has done in physics, where 
sometimes a knowledge of form leads us to the interpretation of forces, and at other 
times a knowledge of the forces at work guides us towards a better insight into form. 
| would illustrate this by the case of the earth itself. After the fundamental advance 
had been made which taught us that the world was round, Newton showed that the 
forces at work upon it must lead to its being imperfectly spherical, and in the course 
of time its oblate spheroidal shape was actually verified. But now, in turn, it has 
been shown that its form is still more complicated, and the next step will be to seek 
for the forces that have deformed the oblate spheroid. 

The organic forms which we can define, more or less precisely, and afterwards 
proceed to explain and to account for in terms of Force, are few in number. They 
are mostly, but not always, limited to comparatively simple cases. Thus we can at 
once define and explain, from the point of view of surface-tension, the spherical form 
of the cell in a simple unicellular organism. When equal cylindrical cells are set ; 
together, we can understand how mechanical pressure, uniformly applied, converts 
the circular outlines. into a pattern of regular hexagons, as in the hexagonal facets of 
the insect’s eye or the hexagonal pigment-cells of our own retina. On similar lines, 
Pappus, MAcLaurin, and many other mathematicians have contributed to elucidate 
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the hexagonal outline and the rhombic dodecahedral base of the cells of the honey- 
comb; while a more extended application of the theory of surface-tension, on the 
lines laid down by PLareEau, gives us a complete understanding of the frothlike con- 
glomeration of cells which we observe in vegetable parenchyma and in many other 
cellular tissues. A study of mechanical pressures acting on an elastic fluid-contain- 
ing envelope enables us to define and to explain the conformation of a bird’s egg. 
MosEtey and his followers, Neumann, Buaks, and others have brought within the 
field of strict mathematical analysis the logarithmic spiral of the Ammonite, the 
snail shell, and all other spiral shells in general. And, to take a more complex case, 
Meyer showed us how the form of a bone, and the minute configuration of its internal 
trabeculze, gives us a mathematical diagram of the stresses and strains of which in 
life it is the subject. 

But the vast majority of organic forms we are quite unable to account for, or to 
define, in mathematical terms ; and this is the case even in forms which are apparently 
of great simplicity and regularity. The curved outline of a leaf, for instance, is such 
a case; its ovate, lanceolate, or cordate shape is apparently very simple, but the 
dificulty of finding for it a mathematical expression is very great indeed. To define 
the complicated outline of a fish, for instance, or of a vertebrate skull, we never even 
seek for a mathematical formula. 

But in a very large part of morphology, our essential task lies in the comparison 
of related forms rather than in the precise definition of each; and the deformation 
of a complicated figure may be a phenomenon easy of comprehension, though the 
figure itself have to be left unanalysed and undefined. This process of comparison, 
of recognising in one form a definite permutation or deformation of another, apart 
altogether from a precise and adequate understanding of the original “type” or 
standard of comparison, lies within the immediate province of mathematics, and 
finds its solution in the elementary use of a certain method of the mathematician. 
This method is the Method of Co-ordinates, on which is based the Theory of 
Transformations. 

I imagine that when DmscarrEs conceived the method of Co-ordinates, as a 
generalisation from the proportional diagrams of the artist and the architect, and 
long before the immense possibilities of this analysis could be foreseen, he had in 
mind a very simple purpose ; it was perhaps no more than to find a way of trans- 
lating the form of a curve into numbers and into words. This is precisely what we 
do, by the method of co-ordinates, every time we study a statistical curve; and 
conversely, we translate numbers into form whenever we “ plot a curve ” to illustrate 
a table of mortality or the daily variation of temperature or barometric pressure. 
In precisely the same way it is possible to inscribe in a net of rectangular co-ordinates 
the outline, for instance, of a fish, and so to translate it into a table of numbers, 
from which again we may at pleasure reconstruct the curve. 

But it is the next step in the employment of co-ordinates which is of special 
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interest and use to the morphologist ; and this step consists in the alteration, or 
“ transformation,” of our system of co-ordinates and in the study of the correspond- 
ing transformation of the curve or figure inscribed in the co-ordinate network. 

Let us inscribe in a system of Cartesian co-ordinates the outline of an organism, — 
however complicated, or a part thereof: such as a fish, a crab, or a mammalian skull. 
We may now treat this complicated figure, in general terms, as a function of a, y. 
If we submit our rectangular system to “deformation,” on simple and recognised 


lines, altering, for instance, the direction of the axes, the ratio of y or substituting — 


for x and y some more complicated expressions, then we shall obtain a new system 
of co-ordinates, whose deformation from the original type the inscribed figure will | 
precisely follow. In other words, we obtain a new figure, which is a function of the 
new co-ordinates in precisely the same way as the old figure was of the original 


co-ordinates « and y. 
The problem is closely akin to that of the cartographer who transfers identical 
data to one projection or another ; and whose object is to secure (if it be possible) a — 
complete correspondence, in each small unit of area, between the one representation — “a 
and the other. The morphologist will not seek to draw his organic forms in a new 
and artificial projection ; but, in the converse aspect of the problem, he will inquire 
whether two different but more or less obviously related forms can be so analysed 
and interpreted that each may be shown to be a transformed representation of the 
other. This once demonstrated, it will be a comparatively easy task (in all prob- 
ability) to postulate the direction and magnitude of the force capable of effecting the 
required transformation. Again, if such a simple alteration of the system of forces 
can be proved adequate to meet the case, we may find ourselves able to dispense _ 
with many widely current and more complicated hypotheses of biological causation. 
For it is a maxim in physics that an effect ought not to be ascribed to the joint 
operation of many causes if few are adda to the production of it: “ Frustra fit 
per plura, quod fiert potest per pauciora.” * 
It is evident that by the combined action of ap REOPUIaHE forces any aster 
form can be transformed into any other: just as out of a “shapeless” mass of clay 
the potter or the sculptor models his artistic product; or just as we attribute to 
Nature herself the power to effect the gradual and successive transformation of the 
simplest into the most complex organism. In like manner it is possible, at least 
theoretically, to cause the outline of any closed curve to appear as a projection of 
any other whatsoever. But we need not let these theoretical considerations deter 
us from our method of comparison of related forms. We shall strictly limit ourselves 
to cases where the transformation necessary to effect a comparison shall be of a simple 
kind, and where the transformed, as well as the original, co-ordinates shall constitute 
an harmonious and more or less symmetrical system. We should fall into deserved 
and inevitable confusion if, whether by the mathematical or any other method, we 
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attempted to compare organisms separated far apart in Nature and in zoological 
classification. We are limited, not by the nature of our method, but by the whole 
nature of the case, to the comparison of organisms such as are manifestly related to 
one another and belong to the same zoological class. 

Our inquiry lies, in short, just within the limits which ArrsToTLe himself laid 
down when, in defining a “genus,” he showed that (apart from those superficial 
characters, such as colour, which he called “ accidents”) the essential differences 
between one “species” and another are merely differences of proportion, of relative 
magnitude, or (as he phrased it) of “excess and defect.” “‘Save only for a difference 
in the way of excess or defect, the parts are identical in the case of such animals as 
are of one and the same genus; and by ‘ genus’ I mean, for instance, Bird or Fish.” 
And again: “ Within the limits of the same genus, as a general rule, most of the 
parts exhibit differences ... in the way of multitude or fewness, magnitude or 
parvitude, in short, in the way of excess or defect. For “the more’ and ‘the less’ 
may be represented as ‘excess’ and ‘defect.’”* It is precisely this difference of 
relative magnitudes, this Aristotelian “excess and defect” in the case of form, which 
our co-ordinate method is especially adapted to analyse, and to reveal and demonstrate 
as the main cause of what (again in the Aristotelian sense) we term “ specific” 
differences. 

The applicability of our method to particular cases will depend upon, or be further 
limited by, certain practical considerations or qualifications. Of these the chief, and 
indeed the essential, condition is, that the form of the entire structure under investi- 
gation should be found to vary in a more or less uniform manner, after the fashion 
of an approximately homogeneous and isotropic body. But an imperfect isotropy, 
provided always that some “ principle of continuity ” run through its variations, will 
not seriously interfere with our method; it will only cause our transformed co- 
ordinates to be somewhat less regular and harmonious than are those, for instance, 
by which the physicist depicts the motions of a perfect fluid or a theoretic field of 
force in a uniform medium. 

Again, it is essential that our structure vary in its entirety, or at least that 
“independent variants” should be relatively few. That independent variations 
occur, that localised centres of diminished or exaggerated growth will now and then 
be found, is not only probable but manifest ; and they may even be so pronounced 
as to appear to constitute new formations altogether. Such independent variants as 
these ArisTorLE himself clearly recognised: “It happens further that some have 
parts that others have not; for instance, some [birds] have spurs and others not, 
some have crests, or combs, and others not; but, as a general rule, most parts and 
those that go to make up the bulk of the body are either identical with one another, 
or differ from one another in the way of contrast and of excess and defect. For ‘the 
more’ and ‘the less’ may be represented as ‘excess’ or ‘ defect.’” 


* Historia Anmmalium, i, 1, 
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If, in the evolution of a fish, for instance, it be the case that its several and con- 
stituent parts—head, body, and tail, or this fin and that fin—represent so many 
independent variants, then our co-ordinate system will at once become too complex 
to be intelligible; we shall be making not one comparison but several separate com-_ 
parisons, and our general method will be found inapplicable. Now precisely this 
independent variability of parts and organs—here, there, and everywhere within the 
organism—would appear to be implicit in our ordinary accepted notions regarding 
variation ; and, unless | am greatly mistaken, it is precisely on such a conception of 
the easy, frequent, and normal independent variability of parts that our conception 
of the process of Natural Selection is fundamentally based. For the morphologist, 
when comparing one organism with another, describes the differences between them 
character” by “character.” If he is from time to time con= 


ce 


point by point, anc 
strained to admit the existence of “correlation” between characters (as a hundred 
years ago Cuvier first showed the way), yet all the while he recognises this fact of 
correlation somewhat vaguely, as a phenomenon due to causes which, except in rare 
instances, he can hardly hope to trace ; and he falls readily into the habit of thinking 
and talking of Kvolution as though it had proceeded on the lines of his own descrip- 
tions, point by point, and character by character. | 

But if, on the other hand, diverse and dissimilar fishes can be referred as a whole 
to identical functions of very different co-ordinate systems, this fact will of itself — 
constitute a proof that variation has proceeded on definite and orderly lines, that a 
comprehensive “law of growth” has pervaded the whole structure in its integrity, 
and that some more or less simple and recognisable system of forces has been at work. 
It will not only show how real and deep-seated is the phenomenon of “ correlation,” 
in regard to Form, but it will also demonstrate the fact that a correlation which had 
seemed too complex for analysis or comprehension is, in many cases, capable of very 
simple graphic expression. ‘This, after many trials, | believe to be, in general, the 
case, bearing always in mind that the occurrence of local independent variations 
must often be considered. 


If we begin by drawing a net of rectangular equidistant co-ordinates (about the 
axes x and y), we may alter or deform this network in various ways, several of which 


are very simple indeed. Thus (1) we may alter the dimensions of our system, extend- 


ing it along one or other axis, and so converting each little square into a correspond- 
ing and directly proportionate oblong (figs. 1, 2). It follows that any figure which 
we may have inscribed in the original net, and which we transfer to the new, will 
thereby be deformed in strict proportion to the deformation of the entire configura- 
tion, being still defined by corresponding points in the network and being through- 
out in conformity with the original figure. For instance, a circle inscribed in the 


, 


original “Cartesian” net will now, after extension in the y-direction, be found — 


elongated into an ellipse. In elementary mathematical language, for the original 


a“ 
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x and y we have substituted x, and cyz, and the equation to our original circle, 
a+y*=a?, becomes that of the ellipse, #1?+cey? =a. 

If I draw the cannon-bone of an ox (fig. 3, A), for instance, within a system of 
rectangular co-ordinates, and then transfer the same drawing, point for point, to a 


Fic. 2. 
Fic. 4. 
o x ie ane). 0 x" 
A B Cc 


Fic. 3.—A. Ox; B. Sheep; C. Giraffe. 


system in which for the x of the original diagram we substitute «’=2/3 x, we 
obtain a drawing (fig. 3, B) which is a very close approximation to the cannon-bone 
of the sheep. In other words, the main (and perhaps the only) difference between 
the two bones is simply that that of the sheep is elongated, along the vertical axis, 
as compared with that of the ox in the relation of 3/2. And similarly, the long 
slender cannon-bone of the giraffe (fig. 3, C) is referable to the same identical type, 
subject to a reduction of breadth, or increase of length, corresponding to a’ = a/3. 


. 
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(2) The second type is that where extension is not equal or uniform at all 
distances from the origin: but grows greater or less, as, for instance, when we stretel 
a tapering elastic band. In such cases, as I have represented it in fig. 4, | 
ordinate increases logarithmically, and for y we substitute e’. It is obvious that t 
logarithmic extension may involve both abscissee and ordinates, « becoming e*, while 
y becomes ¢’. The circle in our original figure 1s now deformed into some such sh 
as that of fig. 5. This method of deformation is a common one, and will often be 
use to us in our comparison of organic forms. 
(3) Our third type is the ‘‘simple shear,” where the rectangular co-ordinates — 


Fic. 7. 


ce 


become “oblique,” their axes being inclined to one another at a certain angle 
Our original rectangle now becomes such a figure as that of fig. 6. The system m 
now be described in terms of the oblique axes X, Y ; or may be directly referred to new 
rectangular co-ordinates €, 7 by the simple transposition x =€—7 cot ©, y= cosec @. 

(4) Yet another important class of deformations may be represented by the use of 
radial co-ordinates, in which one set of lines are represented as radiating from a point 
or “focus,” while the other set are transformed into circular ares cutting the radii 
orthogonally. These radial co-ordinates are especially applicable to cases where 
there exists (either within or without the figure) some part which is supposed to suffer 
no deformation. A simple illustration is afforded by the diagrams which illustrate 
the flexure of a beam (fig. 7). In biology these co-ordinates will be especially 
applicable in cases where the growing structure includes a “ node,” or point where 
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growth is absent or at a minimum; and about which node the rate of growth may 
be assumed to increase symmetrically. Precisely such a case is furnished us ina leaf 
of an ordinary dicotyledon. The leaf of a typical monocotyledon—such as a grass or 
a hyacinth, for instance—grows continuously from its base, and exhibits no node or 
~ point of arrest.” Its sides taper off gradually from its broad base to its slender tip, 
according to some law of decrement specific to the plant; and any alteration in the 
relative velocities of longitudinal and transverse growth will merely make the 
leaf a little broader or narrower, and will effect no other conspicuous alteration in its 
contour. But if there once come into existence a node, or “locus of no erowth,” 
about which we may assume the growth—which in the hyacinth leaf was longitudinal 
and transverse—to take place radially and transversely to the radii, then we shall at 
once see, in the first place, that the sloping and slightly curved sides of the hyacinth 
leaf suffer a transformation into what we consider a more typical and “leaf-like ” 


Fic. 8. 


shape, the sides of the figure broadening out to a zone of maximum breadth and 
then drawing inwards to the pointed apex. If we now alter the ratio between the 
radial and tangential velocities of growth—in other words, if we increase the angles 
between corresponding radii—we pass successively through the various configurations 
which the botanist describes as the lanceolate, the ovate, and finally the cordate leaf 
(fig. 8). These successive changes may to some extent, and in appropriate cases, be 
traced as the individual leaf grows to maturity ; but as a much more general rule, the 
balance of forces, the ratio between radial and tangential velocities of growth, remains 
so nicely and constantly balanced that the leaf increases in size without conspicuous 
modification of form. It is rather what we may call a long-period variation, a 
tendency for the relative velocities to alter from one generation to another, whose 
result is brought mto view by this method of illustration. There are various 
corollaries to this method of describing the form of a leaf which may be here alluded 
to, for we shall not return again to the subject of radial co-ordinates. For instance, 
the so-called unsymmetrical leaf of a begonia, in which one side of the leaf may be 
merely ovate while the other has a cordate outline, is seen to be really a case of 


unequal, and not truly asymmetrical, growth on either side of the midrib. There is 
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nothing more mysterious in its conformation than, for imstance, in that of a fo: 
twig in which one limb of the fork has grown longer than the other. The case o 
begonia leaf is of sufficient interest to deserve illustration, and in fig. 9 I he 
outlined a leaf of the large Begonia dedalea. On the smaller left-hand side of - 
leaf I have taken at random three points, a, b, c, and have measured the an 
AOa, ete., which the radii from the hilus of the leaf to these points make wit! 
median axis. On the other side of the leaf I have marked the points a’, 0’, ¢’, su 


proportion, 7.e. as AOa is to AOa’, so should AOb be to AOb’. This proves to | 
very nearly the case. For | have measured the three angles on one side, and on 
on the other, and have then compared, as follows, the calculated with the observed 
values of the other two :— 


_ AOa. AOD. AOr. AOd. AOU’. AOe’. 


Observed values . ; 12 28°5 88 Bh: so 157 
Caleulated _,, ; 5 ae sas so 21°5. 51:1 
Observed ,, . : ae ee se 20 52 
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The agreement is very close, and what discrepancy there is may be amply 
accounted for, firstly, by the slight irregularity of the sinuous margin of the leaf; 
and secondly, by the fact that the true axis or midrib of the leaf is not straight but 
slightly curved, and therefore that it is curvilinear and not rectilinear triangles 
which we ought to have measured. When we understand these few points regarding 
the peripheral curvature of the leaf, it is easy to see that its principal veins approxi- 
mate closely to a beautiful system of isogonal co-ordinates. It is also obvious that 
we can easily pass, by a process of shearing, from those cases where the principal 
-veins start from the base of the leaf to those, as in most dicotyledons, where they 
arise successively from the midrib. 

It may sometimes happen that the node, or “point of arrest,” is at the upper 
instead of the lower end of the leaf-blade ; and occasionally there may be a node at 
both ends. In the former case, as we have it in the daisy, the form of the leaf will 
be, as it were, inverted, the broad, more or less heart-shaped, outline appearing at 
the upper end, while below the leaf tapers gradually downwards to an ill-defined 
base. In the latter case, as in Dionxa, we obtain a leaf equally expanded, and 
similarly ovate or cordate, at both ends. We may notice, lastly, that the shape of 
a solid fruit, such as an apple or a cherry, is a solid of revolution, developed from 
similar curves and to be explained on the same principle. In the cherry we have 
a “point of arrest” at the base of the berry, where it joins its peduncle, and about 
this point the fruit (in imaginary section) swells out into a cordate outline; while 
in the apple we have two such well-marked points of arrest, above and below, and 
about both of them the same conformation tends to arise. The bean and the human 
kidney owe their “reniform” shape to precisely the same phenomenon, namely, to 
the existence of a node or “ hilus,’ about which the forces of growth are radially and 
symmetrically arranged. 

Most of the transformations which we have hitherto considered (other than that 
of the simple shear) are particular cases of a general transformation, obtainable by 
the method of conjugate functions and equivalent to the projection of the original 
figure on a new plane. 

Appropriate transformations, on these general lines, provide for the cases of a 
coaxial system where the Cartesian co-ordinates are replaced by coaxial circles, or 
a confocal system in which they are replaced by confocal ellipses and hyperbolas. 

Yet another curious and important transformation, belonging to the same class, 
is that by which a system of straight lines becomes transformed into a conformal 
system of logarithmic spirals: the straight lme Y—AX=c corresponding to the 
logarithmic spiral 9—A log r=c (fig. 10). This beautiful and simple transformation 
lets us at once convert, for instance, the straight conical shell of the Pteropod or 
the Orthoceras into the logarithmic spiral of the Nautiloid. 

These various systems of co-ordinates, which we have now briefly considered, are 
sometimes called “‘ isothermal co-ordinates,’ from the fact that, when employed in 
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this particular branch of physics, they perfectly represent the phenomena of the 
conduction of heat, the contour lines of equal temperature appearing, under appropriate 
conditions, as the orthogonal lines of the co-ordinate system. And it follows 
that the “law of growth” which our biological analysis, by means of orthogonal 
co-ordinate systems, presupposes, or at least foreshadows, is one according to which 
the organism grows or develops along stream lines, which may be defined by a 
suitable mathematical transformation. af 

When the system becomes no longer orthogonal, as in many of the following 
illustrations—for instance, that of Orthagoriscus (fig. 38),—then the transformation 
no longer within the reach of comparatively simple mathematical analysis. Such 
departure from the typical symmetry of a “stream-line” system is, in the first 
instance, sufficiently accounted for by the simple fact that the developing organism 


d 


Fie. 10. 


ae 


is very far from being homogeneous and isotropic, or, in other words, does not behave 
like a perfect fluid. But though under such circumstances our co-ordinate systems 
may be no longer capable of strict mathematical analysis, they will still indicate 
graphically the relation of the new co-ordinate system to the old, and conversely. 
will furnish us with some guidance as to the “law of growth,” or play of forces, by 
which the transformation has been effected. 


Before we pass from this brief discussion of Transformations in general, let us_ 
glance at one or two cases in which the forces applied are more or less intelligible, 
but the resulting transformations are, from the mathematical point of view, ex- 
ceedingly complicated. 

The “marbled papers” of the bookbinder are a beautiful illustration of visible. 
stream lines.” On a dishful of a sort of semi-liquid gum the workman dusts a 
few simple lines or patches of colouring matter; and then, by passing a comb — 
through the liquid, he draws the colour-bands into the streaks, waves, and spirals 


“ce 
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which constitute the marbled pattern, and which he then transfers to sheets of 
paper laid down upon the gum. By some such system of shears, by the effect of 
unequal traction or unequal growth in various directions and superposed on an 
originally simple pattern, we may account for the not dissimilar marbled patterns 
which we recognise, for instance, on a large serpent’s skin. But it must be remarked, 
in the case of the marbled paper, that though the method of application of the forces 
is simple, yet in the aggregate the system of forces set up by the many teeth of 
the comb is exceedingly complex, and its complexity is revealed in the complicated 
“diagram of forces” which constitutes the pattern. 

To take another and still more instructive illustration. To turn one circle (or 
sphere) into two circles would be, from the point of view of the mathematician, an 
extraordinarily difficult transformation ; but, physically speaking, its achievement 
may be extremely simple. The little round gourd grows naturally, by its symmetrical 
forces of expansive growth, into a big, round, or somewhat oval pumpkin or melon. 
But the Moorish husbandman ties a rag round its middle, and the same forces of 
growth, unaltered save for the presence of this trammel, now expand the globular 
structure into two superposed and connected globes. And obviously, by varying 
the position of the encircling band, or by applying several such ligatures instead of 
one, a great variety of artificial forms of “‘ gourd” may be, and actually are, produced. 
It is clear, I think, that we may account for many ordinary biological processes of 
development or transformation of form by the existence of trammels or lines of 
constraint, which limit and determine the action of the expansive forces of growth 
that would otherwise be uniform and symmetrical. This case has a close parallel in 
the operations of the glassblower. The glassblower starts his operations with a tube, 
which he first closes at one end so as to form a hollow vesicle, within which his blast 
of air exercises a uniform pressure on all sides ; but the spherical conformation which 
this uniform expansive force would naturally tend to produce is modified into all 
kinds of forms by the trammels or resistances set up as the workman lets one part 
or another of his bubble be unequally heated or cooled. It was Oliver Wendell 
Holmes who first showed this curious parallel between the operations of the glass- 
blower and those of Nature when she starts, as she so often does, with a simple 
tube. The alimentary canal, the arterial system including the heart, the central 
nervous system of the vertebrate, including the brain itself, all begin as simple 
tubular structures. And with them Nature does just what the glassblower does, 
and, we might even say, no more than he. For she can expand the tube here and 
narrow it there; thicken its walls or thin them; blow off a lateral offshoot or czecal 
diverticulum ; bend the tube, or twist and coil it; and infold or crimp its walls as, 
so to speak, she pleases. Such a form as that of the human stomach is easily ex- 
plained when it is regarded from this point of view; it is simply an ill-blown bubble, 
a bubble that has been rendered lopsided by a trammel or restraint along one side, 
such as to prevent its symmetrical expansion—such a trammel as is produced if 
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the glassblower lets one side of his bubble get cold, and such as is actually present 
in the stomach itself in the form of a muscular band. 


We may now proceed to consider and illustrate a few permutations or transforma- 
tions of organic form, out of the vast multitude which are equally open to this method 
of inquiry. 

We have already compared in a preliminary fashion the metacarpal or cannon- 
bone of the ox, the sheep, and the giraffe (fig. 3); and we have seen that the essential 


identical values of y), the breadth (or value of «) will be approximately two-thirds 


Y y 


that of the ox in the case of the sheep and one-third that of the ox in the case of the 
giraffe. We may easily, for the sake of closer comparison, determine these ratios — 
more accurately, for instance, if it be our purpose to compare the different racial 
varieties within the limits of a single species. And in such cases, by the way, as 
when we compare with one another various breeds or races of cattle or of horses, the — 
ratios of length and breadth in this particular bone are extremely significant. 
If, instead of limiting ourselves to the cannon-bone, we inscribe the entire foot 
of our several Ungulates in a co-ordinate system, the same ratios of x that served us 
for the cannon-bones still give us a first approximation to the required comparison ; 
but even in the case of such closely allied forms as the ox and the sheep there is” 
evidently something wanting in the comparison. The reason is that the relative — 
elongation of the several parts, or individual bones, has not proceeded equally or — 
proportionately in all cases; in other words, that the equations for x will not suffice — 
without some simultaneous modification of the values of y (fig. 11). In such a case ib — 
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may be found possible to satisfy the varying values of y by some logarithmic or 
other formula; but, even if that be possible, it will probably be somewhat difficult of 
discovery or verification in such a case as the present, owing to the fact that we have 
too few well-marked points of correspondence between the one object and the other, 
and that especially along the shaft of such long bones as the cannon-bone of the ox, 
the deer, the llama, or the giraffe there is a complete lack of recognisable corresponding 
points. In such a case a brief tabular statement of apparently corresponding values 
of y, or of those obviously corresponding values which coincide with the boundaries 
of the several bones of the foot, will, as in the following example, enable us to dis- 
pense with a fresh equation. 


y (Ox) j : : 0 18 Dil 49 100 
y' (Sheep) . ; ; 0 10 19 36 100 
y” (Giraffe) . F : 0 5 10 24 100 


This summary of values of y’, coupled with the equations for the value of a, will 
enable us, from any drawing of the ox’s foot, to construct a figure of that of the 
sheep or of the giraffe with remarkable accuracy. 


100. 


Me, Wa 


That underlying the varying amounts of extension to which the parts or segments 
of the limb have been subject there is a law, or principle of continuity, may be dis- 
cerned from such a diagram as the above (fig. 12), where the values of y in the 
case of the ox are plotted as a straight line, and the corresponding values for the 
sheep (extracted from the above table) are seen to form a more or less regular and 
even curve. This simple graphic result implies the existence of a comparatively 
simple equation between y and y/’. 

An elementary application of the principle of co-ordinates to the study of propor- 
tion, as we have here used it to illustrate the varying proportions of a bone, was in 
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common use in the sixteenth and seventeenth centuries by artists in their study of 
the human form. The method is probably much more ancient, and may even be 
classical; it is fully described and put in practice by ALBERT DtReER in his Geometry, 
and especially in his Treatise on Proportion.* In this latter work, the manner in 
which the human figure, features, and facial expression are all transformed and modi- 
fied by slight variations in the relative magnitude of the parts is admirably and 


copiously illustrated (fig. 13). 


Fie, 13. (After ALBERT DURER.) 


Tn a tapir’s foot there is a striking difference, and yet at the same time there is 
an obvious underlying resemblance, between the middle toe and either of its un- — 
symmetrical lateral neighbours. Let us take the median terminal phalanx and 
inscribe its outline in a net of rectangular equidistant co-ordinates (fig. 14, a). Let 
us then make a similar network about axes which are no longer at right angles, but 


aaa 
= 


(sip b. ( 
Fic. 14, 


inclined to one another at an angle of about 50° (fig. 14, b). If into this new net- 
work we fill in, point for point, an outline precisely corresponding to our original — 
drawing of the middle toe, we shall find that we have already represented the main 
features of the adjacent lateral one. We shall, however, perceive that our new 
diagram looks a little too bulky on one side, the inner side, of the lateral toe. If 
now we substitute for our equidistant ordinates, ordinates which get gradually closer 
and closer together as we pass towards the median side of the toe, then we shall 
obtain a diagram which differs in no essential respect from an actual outline copy of a 


* Les quatres livres d’ Albert Diirer de la proportion des parties et pourtraicts des corps humains, Arnheim, 1613, folio 
(and earlier editions). Cf. also Lavarer, Essays on Physiognomy, 1799, vol. iii, p. 271, = 
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the lateral toe (fig. 14,c). In short, the difference between the outline of the middle 
toe of the tapir and the next lateral toe may be almost completely expressed by 
saying that if the one be represented by rectangular equidistant co-ordinates, the 
other will be represented by oblique co-ordinates whose axes make an angle of 50°, 
and in which the abscissal interspaces decrease in a certain logarithmic ratio. We 
treated our original complex curve or projection of the tapir’s toe as a function of 
the form F (x, y)=0. The figure of the tapir’s lateral toe is a precisely identical 
function of the form F (e*, y1)=0, where a, y are oblique co-ordinate axes inclined 
to one another at an angle of 50°. 


Fie. 15. (After ALBERT DURER.) 


D@rReR was acquainted with this type of co-ordinates also, and I have copied two 
illustrative figures (fig. 15) from his book. 

In fig. 16 I have sketched the common Copepod Orthona nana, and have inscribed 
it in a rectangular net, with abscissee three-fifths the length of the ordinates. Side 


io; 
O 


aM 
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Fic. 16.—Otthona nana. Fie. 17.—Sapphirina. 


by side (fig. 17) is drawn a very different Copepod, of the genus Sapphirina ; and 
about it is drawn a network such that each co-ordinate passes (as nearly as possible) 
through points corresponding to those of the former figure. It will be seen that 
two differences are apparent. (1) The values of y in fig. 17 are large in the upper 
part of the figure, and diminish rapidly towards its base. (2) The values of x 
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diminish rapidly as we pass towards either side, away from the median vertical 
axis ; and it is probable that they do so according to a definite, but somewhat com- 
plicated, ratio. If, instead of seeking for an actual equation, we simply tabulate o 1 
values of « and y in the second figure as compared with the first (just as we did in 
comparing the feet of the Ungulates), we get the dimensions of a net in which, by — 
simply projecting the figure of Orthona, we obtain that of Sapphirima with it 


- 


further trouble, e.g. :— 


x (Oithona) . 0 3 6 9 12 15 
x’ (Sapphirina) | 0 8 10 12 13 14 
y (Otthona) ». 0 5 10 15 20 25 30 
y (Sapphirina) 0 2 if 13 23 32 40 


In this manner, with a single model or type to copy from, we may record in 
very brief space the data requisite for the production of approximate outlines 
great number of forms. For instance the difference, at first sight immense, betw 
the attenuated body of a Caprella and the thick-set body of a Cyamus is obvio 
little, and is probably nothing, more than a difference of relative magnitud 
capable of tabulation by numbers and of complete expression by means of rectilineai 
co-ordinates. a 

The Crustacea afford innumerable instances of more complex deformations. Thus 
we may compare various higher Crustacea with one another, even in the cas 
such dissimilar forms as a lobster and a crab. It is obvious that the whole body of 
the former is elongated as compared with the latter, and that the crab is relatively 
broad in the region of the carapace, while it tapers off rapidly towards its attenuated 
and abbreviated tail. In a general way, the elongated rectangular system of co- 
ordinates in which we may inscribe the outline of the lobster becomes a shortened 
triangle in the case of the crab. In a little more detail we may compare the out-_ 
line of the carapace in various crabs one with another: and the comparison will be 
found easy and significant, even, in many cases, down to minute details, such as the 
number and situation of the marginal spines, though these are in other cases subject. 
to independent variability. 

If we choose, to begin with, such a crab as Geryon (fig. 18), and inscribe it in 
our equidistant rectangular co-ordinates, we shall see that we pass easily to forms 
more elongated in a transverse direction, such as Matuta or Lupa (fig. 19), and 
conversely, by transverse compression, to such a form as Corystes (fig. 20). In 
certain other cases the carapace conforms to a triangular diagram, more or less 
curvilinear, as in fig. 21, which represents the genus Paralomis. Here we can 
easily see that the posterior border is transversely elongated as compared with that 
of Geryon, while at the same time the anterior part is longitudinally extended as 
compared with the posterior. A system of slightly curved and converging ordinates, 
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with orthogonal and logarithmically interspaced abscissal lines, as -shown in the 
figure, appears to satisfy the conditions. 


Fic. 18.—Geryon. Fie. 19.— Lupa. 


Fic. 20.—Corystes. Fie. 21.—-Paralomis. 


\1 | 
Baw 
Vie, 22.—Seyramathia. 


Fic. 23.—Chorinus. 


In an interesting series of cases, such as the genus Chorinus, or Scyramathia, and 
in the spider-crabs generally, we appear to have just the converse of this. While 
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the carapace of these crabs presents a somewhat triangular form, which seems at 
first sight more or less similar to those just described, we soon see that the actual 
posterior border is now narrow instead of broad, the broadest part of the carapace 
corresponding precisely, not to that which is broadest in Paralomis, but to that 
lies in an antero-posterior lengthening of the forepart of the carapace, culminating 
in a great elongation of the frontal region, with its two spines or “horns.” The 
curved ordinates here converge posteriorly and diverge widely in front (figs. 22° 
and 23), while the decremental interspacing of the abscissee is very marked indeed. 


Fie. 25.—Stegocephalus inflatus, Kr. Fic. 26.—Hyperia galba. 


We put our method to a severer test when we attempt to sketch an entire and 
complicated animal than when we simply compare corresponding parts such as the 
carapaces of various Malacostraca, or related bones as in the case of the tapir’s toes. 
Nevertheless, up to a certain point, the method stands the test very well. In 
other words, one particular mode and direction of variation is often (or even usually) 
so prominent and so paramount throughout the entire organism, that one compre- 
hensive system of co-ordinates suffices to give a fair picture of the actual phenomenon. 
To take another illustration from the Crustacea, | have drawn roughly in fig. 24 a_ 
little Amphipod of the family Phoxocephalidee (Harpinia sp.). Deforming the co- 
ordinates of the figure into the curved orthogonal system in fig. 25, we at once — 
obtain a very fair representation of an allied genus belonging to a different family — 
of Amphipods, namely, Stegocephalus. As we proceed further from our type our 
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co-ordinates will require greater deformation, and the resultant figure will usually 
be somewhat less accurate. In fig. 26 I show a network, to which, if we transfer 
our diagram of Marpinia or of Stegocephalus, we shall obtain a tolerable representa- 
tion of the aberrant genus Hyperia, with its narrow abdomen, its reduced pleural 
lappets, its great eyes, and its inflated head. 

The Hydroid Zoophytes constitute a “ polymorphic” group, within which a vast 
number of species have already been distinguished ; and the labours of the systematic 
naturalist are constantly adding to the number. The specific distinctions are for the 
most part based, not upon characters directly presented by the living animal, but 
upon the form, size, and arrangement of the little cups, or “ calycles,” secreted and 
inhabited by the little individual polypes which compose the compound organism. 
The variations, which are apparently infinite, of these conformations are easily 


a. b. a 


Fic. 27.—a, Campanularia macroscyphus, Allm.; b, Gonothyrea hyalina, Hincks ; c, Clytia Johnstoni, Alder. 


seen to be a question of relative magnitudes, and are capable of complete expres- 
sion, sometimes by very simple, sometimes by somewhat more complex, co-ordinate 
networks. 

For instance, the varying shapes of the simple wineglass-shaped cups of the 
Campanularidz are at once sufficiently represented and compared by means of simple 
Cartesian co-ordinates (fig. 27). In the two allied families of Plumulariide and 
Aglaopheniide the calycles are set unilaterally upon a jointed stem, and small cup- 
like structures (holding rudimentary polypes) are associated with the large calycles 
in definite number and position. These small calyculi are variable in number, but 
in the great majority of cases they accompany the large calycle in groups of three 
—two standing by its upper border, and one, which is especially variable in form and 
magnitude, lying at its base. The stem is liable to flexure and, in a high degree, 
to extension or compression; and these variations extend, often on an exaggerated 
scale, to the related calycles. As a result we find that we can draw various systems 
of curved or sinuous co-ordinates, which express, all but completely, the configura- 
tion of the various hydroids which we inscribe therein (fig. 28). The comparative 
smoothness or denticulation of the margin of the calycle, and the number of its 
denticles, may constitute an independent variation, and require separate description, 
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Among the fishes we discover a great variety of deformations, some of them of 
a very simple kind, while others are more striking and more unexpected. A com- 
paratively simple case, involving a simple shear, is illustrated by figs. 29 and 30. 
Fig. 29 represents, within Cartesian co-ordinates, a certain little oceanic fish known as, 
Argyropelecus Olfersi. Fig. 30 represents precisely the same outline, transferred to 
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Fic, 28.—a, Cladocarpus crenatus, F. ; b, Aglaophenia pluma, L. ; ¢, A, rhyncocarpa, A. ; 
d, A. cornuta, K.; e, A. ramulosa, K. 


a system of oblique co-ordinates whose axes are inclined at an angle of 70°; but this 
is now (as far as can be seen on the scale of the drawing) a very good figure of an 
allied fish, assigned to a different genus, under the name of Sternoptyx diaphana. — 

Fig. 31 is an outline diagram of a typical Scaroid fish. Let us deform its 


rie, 29.—Argyropelecus Olfersi. Fic. 30.—Sternoptyx diaphana. 


rectilinear co-ordinates into a system of (approximately) coaxial circles, as in fig. 32, 
and then filling into the new system, space by space and point by point, our former 
diagram of Scarus, we obtain a. very good outline of an allied fish, belonging to a — 
neighbouring family, of the genus Pomacanthus. This case is all the more interest- . 
ing, because upon the body of our Pomacanthus there are striking colour bands, which 
correspond in direction very closely to the lines of our new curved ordinates. In _ 
like manner, the still more bizarre outlines of other fishes of the same family of — 
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Chaetodonts will be found to correspond to very slight modifications of similar 
co-ordinates ; in other words, to small variations in the values of the constants of the 
coaxial curves. 

In figs. 33-35 I have represented another series of Acanthopterygian fishes, not 
very distantly related to the foregoing. If we start this series with the figure of 
Polyprion, in fig. 33, we see that the outlines of Pseudopriacanthus (fig. 34) 
and of Sebastes or Scorpxna (fig. 35) are easily derived by substituting a system of 
triangular, or radial, co-ordinates for the rectangular ones in which we had inscribed 
Polyprion. The very curious fish Antigonia capros, an oceanic relative of our own 
* Boar-fish,” conforms closely to the peculiar deformation represented in fig. 36. 

Fig. 37 is a common typical Diodon or Porcupine-fish, and in fig. 38 I have 
deformed the horizontal co-ordinates into a system (approximately) of coaxial 
parabolas. The old outline, transferred in its integrity to the new network, appears 
as a manifest representation of the allied, but very different-looking, Sunfish, 


Fie 31.—Scarus sp. 


Fic. 32.—Pomacanthus. 


Orthagoriscus mola. This is a particularly instructive instance of deformation or 
transformation. It is true that, in a mathematical sense, it is not a perfectly satis- 
factory, or perfectly regular, deformation, for the system is no longer orthogonal ; 
but nevertheless it is symmetrical to the eye, and obviously approaches to an 
orthogonal system under certain conditions of friction or lateral constraint. And as 
such it accounts, by one single integral transformation, for all the apparently 
separate and distinct external differences between the two fishes. It leaves the parts 
near to the origin of the system, or intersection of the main axes, such as the pectoral 
fin, practically unchanged, and it shows a greater and greater apparent modification 
of form as we pass from that origin towards the periphery of the system. In a 
word, it is sufficient to account for the new and striking contour in all its essential 
details, of rounded body, exaggerated dorsal and ventral fins, and truncated tail. In 
like manner, and using precisely the same co-ordinate networks, it appears to me 
possible to show the relations, almost bone for bone, of the skeletons of the two 
fishes ; in other words, to reconstruct the skeleton of the one from our knowledge 
of the skeleton of the other, under the guidance of the same correspondence as is 


indicated in their external configuration. 
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The family of the crocodiles has had a special interest for the evolutionist ever 
since Huxtey pointed out that, in a degree only second to the horse and its ancestors, 
it furnishes us with a close and almost unbroken series of transitional forms, running 


Fic. 35.—Scorpxna sp. 


Fic. 36.—Antigonia capros, 


down in continuous succession from one geological formation to another, I should 
be inclined to transpose this general statement into other terms, and to say that the 
Crocodilia constitute a case in which, with unusually little complication from the 
presence of independent variants, the trend of one particular mode of transformation 
is visibly manifested. If we exclude meanwhile from our comparison a few of the 
oldest of the crocodiles, such as Belodon, which differ more fundamentally from the 
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rest, we shall find a long series of genera in which we can refer not only the changing 
contours of the skull, but even the shape and size of the many constituent bones and 
their intervening spaces or “ vacuities,” to one and the same simple system of trans- 
formed co-ordinates. The manner in which the skulls of various Crocodilians differ 
from one another may be sufticiently illustrated by three or four examples. 

Let us take one of the typical modern crocodiles as our standard of form, e.g., 
C. porosus, and inscribe it, as in fig. 39, in the usual Cartesian co-ordinates. By 
deforming the rectangular network into a triangular system, with the apex of the 
triangle a little way in front of the snout, as in fig. 40, we pass to such a form as 
C. americanus. By an exaggeration of the same process we at once get an approxima- 


Fic. 37.—Diodon. 


Fic. 38.—Orthagoriscus. 


tion to the form of one of the sharp-snouted, or longirostrine, crocodiles, such as the 
genus Tomistoma ; and, in the species figured, the oblique position of the orbits, the 
arched contour of the occipital border, and certain other characters suggest a certain 
amount of curvature, such as I have represented in the diagram (fig. 40), on the part 
of the horizontal co-ordinates. In the still more elongated skull of such a form as 
the Indian Gavial, the whole skull has undergone a great longitudinal extension, or, 
in other words, the ratio of a/y is greatly diminished; and this extension is not 
uniform, but is at a maximum in the region of the nasal and maxillary bones. This 
especially elongated region is at the same time narrowed in an exceptional degree, 
and its excessive narrowing is represented by a curvature, convex towards the median 
axis, on the part of the vertical ordinates. Let us take as a last illustration one of 
the Mesozoic crocodiles, the little Notosuchus, from the Cretaceous formation. This 
little crocodile is very different from our type in the proportions of its skull. The 


region of the snout, in front of and including the frontal bones, is greatly shortened ; 
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from constituting fully two-thirds of the whole length of the skull in Crocodilus, it 


obviously corresponding to points where our rectangular co-ordinates intersect 
particular bones or other recognisable features in our typical crocodile, we shall 
easily discover that the lines joining these points in Notosuchus fall into such z 
a co-ordinate network as that which is represented in fig. 41. To all intents and — 


purposes, then, this not very complex system, representing one harmonious “‘ deforma- _ 
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Fic. 39.—Crocodilus porosus. Fic. 40.—Crocodilus americanus. Fic. 41.—Wotosuchus terrestris. 


tion,” accounts for all the differences between the two figures, and is sufficient to 
enable one at any time to reconstruct a detailed drawing, bone for bone, of the skull 
of Notosuchus from the model furnished by the common crocodile. 

The many diverse forms of Dinosaurian reptiles, all of which manifest a strong 
family likeness underlying much superficial diversity, furnish us with plentiful 
material for comparison by the method of transformations. As an instance, I have 
figured the pelvic bones of Stegosaurus (fig. 42) and of Camptosaurus (fig. 43) to 
show that, when the former is taken as our Cartesian type, a slight curvature and 
an approximately logarithmic extension of the x-axis brings us easily to the con- 
figuration of the other. In the original specimen of Camptosaurus described by 
Marsu,* the anterior portion of the iliac bone is missing ; and in Marsn’s restoration 
this part of the bone is drawn as though it came somewhat abruptly to a sharp point. 


* Dinosaurs of North America, 1896, pl. 1xxxi, ete. 
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In my figure I have completed this missing part of the bone in harmony with the 
general co-ordinate network which is suggested by our comparison of the two entire 


Fic. 42.—Pelvis of Stegosawrus. Fic. 43.—Pelvis of Camptosaurus. 


pelves; and I venture to think that the result is more natural in appearance, and 
more likely to be correct than was Marsu’s conjectural restoration. It would seem, 
in fact, that there is an obvious field for the employment of the method of co-ordinates 


Hi 


Fic, 44.—Shoulder-girdle of Cryptocleidus. a, young; b, adult. 


Klan 


Fie. 45.—Shoulder-girdle of Ichthyosaurus. 


in this task of reproducing missing portions of a structure to the proper scale and 
in harmony with related types. To this subject we shall presently return. 

In fig. 44, a,b, 1 have drawn the shoulder-girdle of Cryptoclerdus, a Plesio- 
saurian reptile, half-grown in the one case and full-grown in the other. The 
change of form during growth in this region of the body is very considerable, and 
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its nature is well brought out by the two co-ordinate systems. In fig. 45 I have 
drawn the shoulder-girdle of an Ichthyosaur, referring it to Cryptocleidus as a standard 
of comparison. The interclavicle, which is present in Ichthyosauwrus, is minute 
and hidden in Cryptocleidus; but the numerous other differences between the 
two forms, chief among which is the great elongation in Ichthyosaurus of the two 
clavicles, are all seen by our diagrams to be part and parcel of one general and 
systematic deformation. . 

Before we leave the group of reptiles we may glance at the very strangely 
modified skull of Pteranodon, one of the extinct flying reptiles, or Pterosauria, In 
this very curious skull the region of the jaws, or beak, is greatly elongated and 


Fic. 47.—Skaull of Pteranodon. 


pointed; the occipital bone is drawn out into an enormous backwardly-directed 
crest ; the posterior part of the lower jaw is similarly produced backwards ; the orbit 
is small; and the quadrate bone is strongly inclined downwards and forwards. Th 7 
whole skull has a configuration which stands, apparently, in the strongest possible 
contrast to that of a more normal Ornithosaurian such as Dimorphodon. But if w 
inscribe the latter in Cartesian co-ordinates (fig. 46), and reter our Pteranodon to a 
system of oblique co-ordinates (fig. 47 ), in which the two co-ordinate systems of 
parallel lines become each a pencil of diverging rays, we make manifest a corre- 
spondence which extends uniformly throughout all parts of these very different- 
looking skulls. 

We have dealt so far, and for the most part we shall continue to deal, with our 
co-ordinate method as a means of comparing one known structure with another. 


~.. 


But it is obvious, as I have said, that it may also be employed for drawing hypo-— 
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thetical structures, on the assumption that they have varied from a known form in 
some definite way. And this process may be especially useful, and will be most 
obviously legitimate, when we apply it to the particular case of representing inter- 
mediate stages between two forms which are actually known to exist, in other 
words, of reconstructing the transitional stages through which the course of evolution 


Fic. 49.—Pelvis of Apatornis. 


must have successively travelled if it has brought about the change from some 
ancestral type to its presumed descendant. While this paper was passing through 
the press I sent to my friend, Mr GERHARD Her_mann of Copenhagen, some of my 
own rough co-ordinate diagrams, including some in which the pelves of certain 
ancient and primitive birds were compared one with another. Mr Hemmann, who 
is both a skilled draughtsman and an able morphologist, has returned me a set of 
diagrams which are a vast improvement on my own, and which are reproduced in 
figs. 48-54. Here we have, as extreme cases, the pelvis of Archxopteryx, the most 
ancient of known birds, and that of Apatornis, one of the fossil “toothed” birds 


D’'ARCY WENTWORTH THOMPSON ON 


LH. 
A 


4 


Ly 
ke ol a ae 


Fie 51,—The first intermediate co-ordinate network, with its corresponding inscribed pelvis. 
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from the North American Cretaceous formations—a bird showing some resemblance 
to the modern Terns. The pelvis of Archxopteryx is taken as our type, and referred 
accordingly to Cartesian co-ordinates (fig. 48); while the corresponding co-ordinates 
of the very different pelvis of Apatornis are represented in fig. 49. In fig. 50 the 
outlines of these two co-ordinate systems are superposed upon one another, and those 


Fic. 53.—The third intermediate co-ordinate network, with its corresponding inscribed pelvis. 


of three intermediate and equidistant co-ordinate systems are interpolated between 
them. From each of these latter systems, so determined by direct interpolation, a 
complete co-ordinate diagram is drawn, and the corresponding outline of a pelvis is 
found from each of these systems of co-ordinates, as in figs. 51 to 53. Finally, in 
fig. 54 the complete series is represented, beginning with the known pelvis of 
Archzxopteryx, and leading up by our three intermediate hypothetical types to the 
known pelvis of Apatornis. 

Among Mammalian skulls I will take two illustrations only, one drawn from a 
comparison of the human skull with that of the higher apes, and another from the 
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group of Perissodactyle Ungulates, the group which includes the rhinoceros, = 
tapir, and the horse. 
Let us begin by choosing as our type the skull of Hyrachyus agrarius, Cope, 


Fic. 54.—The pelves of Archwopteryx and of Apatornis, with three transitional types interpolated between them. 


from the Middle Kocene of North America, as figured by Osporn in his “ Monograph 
of the Extinct Rhinoceroses” * (fig. 55). 
The many other forms of primitive rhinoceros described in the monograph differ — 
from Hyrachyus in various details—in the characters of the teeth, sometimes in the — 
number of the toes, and so forth; and they also differ very considerably in the 
general appearance of the skull. But these differences in the conformation of the 
* Mem. Amer, Mus. of Nat. Hist., i, iii, 1898. 
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skull, conspicuous as they are at first sight, will be found easy to bring under the con- 
ception of a simple and homogeneous transformation, such as would result from the 
application of some not very complicated stress. For instance, the corresponding 
co-ordinates of Acerathervwm tridactylum, as shown in fig. 56, indicate that the 
essential difference between this skull and the former one may be summed up by 
saying that the long axis of the skull of Aceratheriwm has undergone a slight double 


Fic. 55.—Skull of Hyrachyus agrarius. (After OSBORN.) 


Fic. 56.—Skull of Aceratheriwm tridactylum. (After OSBORN.) 


curvature, while the upper parts of the skull have at the same time been subject to a 
vertical expansion, or to growth in somewhat greater proportion than the lower 
parts. Precisely the same changes, on a somewhat greater scale, give us the skull of 
an existing rhinoceros. 

Among the species of Aceratherium, the posterior, or occipital, view of the skull 
presents specific differences which are perhaps more conspicuous than those furnished 
by the side view; and these differences are very strikingly brought out by the series 
of conformal transformations which I have represented in fig. 57. In this case it 
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details. It could easily have been made much more accurate by giving a slightly 
sinuous curvature to certain of the co-ordinates. But as they stand, the corre- 
spondence indicated is very close, and the simplicity of the figures illustrates all the 
better the general character of the transformation. 

By similar and not more violent changes we pass easily to such allied forms 
the Titanotheres (fig. 58); and the well-known series of species of Titanotheriwm, by 
which Professor OsBorn has illustrated the evolution of this genus, constitutes a 
simple and suitable case for the application of our method. 


Fic. 57. —Occipital view of the skulls of various extinct rhinoceroses (Aceratherium spp.). (After Osponn. ) 


the general, and to a very large extent even ite detailed, renermblancee between th 2 | 
skull of the rhinoceros and those of the tapir or the horse. From the Cartesian 
co-ordinates in which we have begun by inscribing the skull of a primitive rhinoceros, 
we pass to the tapir’s skull (fig. 59), firstly, by converting the rectangular into a 
triangular network, by which we represent the depression of the anterior and the 
progressively increasing elevation of the posterior part of the skull; and secondly, by 
giving to the vertical ordinates a curvature such as to bring about a certain longi- 
tudinal compression, or condensation, in the forepart of the skull, especially in the 
nasal and orbital regions. 

The conformation of the horse’s skull departs from that of our primitive Peris- | 
sodactyle (that is to say our early type of rhinoceros, Hyrachyus) in a direction — 
that is nearly the opposite of that taken by 7itanotheriwm and by the recent species 
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of rhinoceros. For we perceive, by fig. 60, that the horizontal co-ordinates, which 
in these latter cases became transformed into curves with the concavity upwards, are 
curved, in the case of the horse, in the opposite direction. And the vertical ordinates, 
which are also curved, somewhat in the same fashion as in the tapir, are very nearly 
equidistant, instead of being, as in that animal, crowded together anteriorly. Ordi- 
nates and abscissee form an oblique system, as is shown in the figure. In this case 
I have attempted to produce the network beyond the region which is actually re- 
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Fic. 59.—Tapir’s skull. 


quired to include the diagram of the horse’s skull, in order to show better the form 
of the general transformation, with a part only of which we have actually to deal. 

It is at first sight not a little surprising to find that we can pass, by a cognate and 
even simpler transformation, from our Perissodactyle skulls to that of the Rabbit; 
but the fact that we can easily do so is a simple illustration of the undoubted aftinity 
which exists between the Rodentia, especially the family of the Leporide, and the 
more primitive Ungulates. For my part, | would go further; for I think there is 
strong reason to believe that the Perissodactyles are more closely related to the 
Leporidee than the former are to the other Ungulates, or than the Leporide are to the 
rest of the Rodentia. Be that as it may, it is obvious from fig. 61 that the rabbit’s 
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skull conforms to a system of co-ordinates corresponding to the Cartesian co-ordinates 
in which we have inscribed the skull of Hyrachyus, with the difference, firstly, that. 
the horizontal ordinates of the latter are transformed into equidistant curved lines, 
approximately ares of circles, with their concavity directed downwards ; and secondly, 
that the vertical ordinates are transformed into a pencil of rays approximately ortho- 
gonal to the circular arcs. In short, the configuration of the rabbit’s skull is derived 


Fic, 61.—Rabbit’s skull. 


from that of our primitive rhinoceros by the unexpectedly simple process of submitting 
the latter to a strong and uniform flexure in the downward direction (ef: fig. 7, p. 864). 
In the case of the rabbit the configuration of the individual bones does not conform 
quite so well to the general transformation as it does when we are comparing the 
several Perissodactyles one with another ; and the chief departures from conformity 
will be found in the size of the orbit and in the outline of the immediately surround- 
ing bones. The simple fact is that the relatively enormous eye of the rabbit consti- 
tutes an independent variation, which cannot be brought into the general and 
fundamental transformation, but must be dealt with separately. The enlargement 


MORPHOLOGY AND MATHEMATICS. 893 


of the eye, like the modification in form and number of the teeth, is a separate 
phenomenon, which supplements but in no way contradicts our general comparison of 
the skulls taken in their entirety. 

Let us now inscribe in our Cartesian co-ordinates the outline of a human skull 
(fig. 62), for the purpose of comparing it with the skulls of some of the higher apes. 
We know beforehand that the main differences between the human and the simian 
types depend upon the enlargement or expansion of the brain and braincase in man, 
and the relative diminution or enfeeblement of his jaws. Together with these 


Fie. 62.—Human skull. 


Fic. 63. —Co-ordinates of chimpanzee’s skull, as a projection of the Cartesian co-ordinates of fig. 62. 


changes, the “facial angle” increases from an oblique angle to nearly a right angle 
in man, and the configuration of every constituent bone of the face and skull under- 
goes an alteration. We do not know to begin with, and we are not shown by the 
ordinary methods of comparison, how far these various changes form part of one 
harmonious and congruent transformation, or whether we are to look, for instance, 
upon the changes undergone by the frontal, the occipital, the maxillary, and the 
mandibular regions as a congeries of separate modifications or independent variants. 
But as soon as we have marked out a number of points in the gorilla’s or chimpanzee’s 
skull, corresponding with those which our co-ordinate network intersected in the human 
skull, we find that these corresponding points may be at once linked up by smoothly 
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curved lines of intersection, which form a new system of co-ordinates and constitute 


a simple “projection” of our human skull. The network represented in fig. 63 
constitutes such a projection of the human skull on what we may call, figuratively 
speaking, the “plane” of the chimpanzee; and the full diagram in fig. 64 demon- 


a 


strates the correspondence. In fig. 65 I have shown the similar deformation in the 
case of a baboon, and it is obvious that the transformation is of precisely the same 
order, and differs only in an increased intensity or degree of deformation. 

In both dimensions, as we pass from above downwards and from behind forwards, 


the corresponding areas of the network are seen to increase in a gradual and approxi- 


Fic. 65.—Skull of baboon. 


mately logarithmic order in the lower as compared with the higher type of skull; 
and, in short, it becomes at once manifest that the modifications of jaws, braincase, 
and the regions between are all portions of one continuous and integral process. lta 
is of course easy to draw the inverse diagrams, by which the Cartesian co-ordinates — 
of the ape are transformed into curvilinear and non-equidistant co-ordinates in man. | 

From this comparison of the gorilla’s or chimpanzee’s with the human skull we — 
realise that an inherent weakness underlies the anthropologist’s method of comparing 
skulls by reference to a small number of axes. The most important of these are the 
“facial” and “ basicranial” axes, which include between them the “facial angle.” — 
But it is, in the first place, evident that these axes are merely the principal axes of 
a system of co-ordinates, and that their restricted and isolated use neglects all that — 
can be learned from the filling in of the rest of the co-ordinate network. And, in — 
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the second place, the “facial axis,” for instance, as ordinarily used in the anthro- 
pological comparison of one human skull with another, or of the human skull with 
the gorilla’s, is in all cases treated as a straight line; but our investigation has shown 
that rectilinear axes only meet the case in the simplest and most closely related 
transformations ; and that, for instance, in the anthropoid skull no rectilinear axis is 
homologous with a rectilinear axis in a man’s skull, but what is a straight line in the 
one has become a certain definite curve in the other. 

As a final illustration I have drawn the outline of a Dog’s skull (fig. 66), and 
inscribed it in a network comparable with the Cartesian network of the human skull 
in fig. 62. Here we attempt to bridge over a wider gulf than we have crossed in 
any of our former comparisons. But, nevertheless, it is obvious that our method 
still holds good, in spite of the fact that there are various specific differences, such 
as the open or closed orbit, etc., which have to be separately described and accounted 
for. We see that the chief essential differences in plan between the dog’s skull and 


Fic. 66.—Skull of dog, compared with the human skull of fig. 62. 


the man’s lie in the fact that, relatively speaking, the former tapers away in front, 
a triangular taking the place of a rectangular conformation ; secondly, that, coincident 
with the tapering off, there is a progressive elongation, or pulling out, of the whole 
_forepart of the skull; and lastly, as a minor difference, that the straight vertical 
ordinates of the human skull become curved, with their convexity directed forwards, 
in the dog. While the net result is that in the dog, just as in the chimpanzee, 
the brain-pan is smaller and the jaws are larger than in man, it is interesting and 
important to observe that the co-ordinate network of the ape is by no means 
intermediate between those which fit the other two. The mode of deformation is 
on different lines; and, while it may be correct to say that the chimpanzee and 
the baboon are more brute-like, it would be by no means accurate to assert that 
they are more doglike, than man. 


In this paper I have dealt with plane co-ordinates only, and have made no 
mention of the more difficult subject of systems of co-ordinates in three-dimensional 
space. But it is obvious that, if the difficulties of description and representation 
could be overcome, it is by means of such co-ordinates in space that we should obtain 
an adequate and satisfying picture of the processes of deformation and the directions 
of growth. 
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The country of the Abors is situated in the north-east of India, and lies between 


28° and 29° N. latitude, and between 94° 50’ and 95° 30’ K. longitude. 


The Abors consist of a number of different tribes or septs, some of whom inhabit 
the lower grounds of the Brahmaputra and of several of its tributaries, while others 


inhabit the elevated regions approaching the snow-line of the Himalayas. 


The 


boundaries are not accurately known, but appear to be coterminous with Assam on 


the south and Thibet on the north. 


The country of the Mishmis is also undefined, and apparently extends laterally 
from that of the Abors, probably from the Dibang or Tsan Po tributary of the 
Brahamputra river on the west, to or near the Lohit river and the tributaries of 


the Dimba on the east. 


The combined territories of the two tribes may otherwise be stated to extend 
between 94°50’ and 97° 30’ of E. longitude, and between 28° and 29° of N. latitude.* 
It has long been known that the Abors and Mishmis use poisoned arrows and 
darts in warfare and the chase, and in the latter even for killing tigers, buffaloes 


and elephants. 


Our troops were assailed with poisoned arrows in Major-General Bappacr’s Abor 
Expedition of 1848, and they were used in most of the subsequent punitive ex- 
peditions, which also originated from the depredations of these turbulent tribesmen. 
These weapons, however, on account of the rudeness of their construction, their 


inefficiency at long ranges, or the nature of the poison, caused only a 


few 


* In Abor Jungles, by ANGUS Hamiron, 1912, pp. 13 to 18, 219 et seg. ; The Imperial Gazetteer of India, vol. v, 


1908, p. 2, and vol. xvii, 1908, p. 377; Descriptive Ethnology of Bengal, by E. T. Dauron, 1872, pp. 13 and 22. 
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casualties. In the expedition of 1894, for instance, there were only seventeen 
cases of arrow wounds, with but one fatality, and probably this death was due~ 
more to the position of the wound than to the poison. In the last expedition, 
that of 1911-12, which originated from the treacherous murder, in March 1911, of 
Mr Nort WriiuiaMson and Dr Grecorson, in a force of 3000 combatants and between 
3500 and 4000 coolies, who on many occasions were subjected to “flights of 
poisoned arrows,” only six cases of arrow wounds were treated by the medical officers, 
and not more than three of these terminated fatally.* 

While preparations were still being made for the despatch of this punitive 
expedition, Captain J. V. Macponaup, I.M.S., sent me two poisoned arrow-heads, 
which he had obtained at a stockade at Balek, in the Brahmaputra valley. | 

Before the examination of the poison on these arrow-heads had been finished, 
a number of other arrows and related substances were placed at my disposal, in 1912, 
by the India Office, the Government of India, and the Principal Medical Officer 
to H.M.’s Forces in India; by Colonel Sir Wyvitte THomson, Major Davipson, and 
- Major Grancer, I.M.S.; and, subsequently, by the late Lieutenant-Colonel Barney, 
R.E., Surgeon-General SroccEerr, and Major Davinson. 

From statements made by the Abors themselves, indications were also communi- 
cated to me of the substances believed to be used in poisoning the arrows, to the 
effect that aconite and the croton oil plant were chiefly employed, but that pig’s 
blood, serpent’s venom, and the fruit and juice of several plants were occasionally 
added to the arrow-poisons. 

The following substances were experimentally examined :— 


TaBce I. 


Dates when 


: Donors and other Sources. 
received. 


Substances. 


1. wo poisoned arrow-heads from Abors | Sept. 1911. Captain J. V. Macpowaxp, LMS. 
in the stockade at Balek. 
2. One poisoned arrow-head from Janak- | Feb, 1912. Lieut.-Col. Sir F. Wyvitte Tuomsoy, I.M.S. 


mukh Camp. 
3. Poisoned arrows in a quiver from the Mar, 1912. Government of India and Principal Medical 
Minyong tribe of Abors. Officer H.M.’s Forces in India. 
4, Poisoned arrows in a quiver from June 1912. Lieut.-Col. Baitsy, R.E.; obtained by | 
the Mishini couutry. Captain F. M. Barney, Indian Political — 
Department, and Mr W. J. BaLLantine, 
C.8.1., Sadiya. 
5. Poisoned arrows and darts and quiver) Nov. 1912. Surgeon-General Sir A. T. Stoeexrr, 
from the Mishmi country. R.A.M.C.; Lieut.-Col.J. Davipsoy, I.M.S. 
6. Aconite roots and fruit of /ntadla June 1912. Lieut.-Col. Bainny, R.E. 
scandens, 


7. Aconite roots from the Mishmi country. | Mar. 24, 1914. | Lieut.-Col. J. Davinson, I.M.S.; obtained | 
by Captain R, 8. Kunnegpy, I.M.S. 


8 Aconitum heterophylloides roots from 1912. Major Barcuay, Indian Army. 
Sikkim. 

9. Products from several of the above. 1911-1912. | Prepared in my laboratory. 

10. Croton oil. 1912. Commercial. 


* Official reports received from the Government of India, Surgeon-General Stoaextt, and Major Davison, I.M.S. 


POISONED ARROWS OF THE ABORS AND MISHMIS OF NORTH-EAST INDIA. 899 


The larger number of the experiments was made, in the first instance, with the 
poison of the arrows obtained from Captain Macponatp and the Government of India, 
and it early became apparent that the same poison is not present in all the Abor 
arrows. 


B. Arrows PorsoneD witH ACONITE. 


(a) Poison of Captain Macdonald's Arrows. 


The two poisoned arrow-heads sent to me had been obtained from some Abors 
at Balek Stockade, near Pasighat in the Brahmaputra valley. They were admittedly 
old, and it was stated that their “activity had probably deteriorated.” In all out- 
ward respects they closely resemble the other arrow-heads afterwards received by 
me both from the Abor and Mishmi countries, and the description in p. 911 is 
applicable to all of them. 

When the poison is reduced to a fine powder it is of an earthy-brown colour and 
only partly soluble in water, the solution being slightly bitter and producing on the 
tongue, lips, and fauces the well-known sensory effects of aconite. 

With this poison, experiments were made on rats, rabbits, and frogs, which are 


summarised in Tables II, III, and IV. 


TaBLE I1.—Poison or ARROW-HEADS FROM Captain Macponatp, I.M.S.* 


Rats.—Injection under the skin of a flank. 


Weight | Dose Aehaal 
Date. of per D Result. Notes. 
Animal. | Kilo. is 
1912. 
April 8 198 0°05 0°01 Recovery. Cardio-respiratory dislocation. Salivation. 
Nov. 2 230 0-087 0:02 Recovery. Motor weakness, Respiratory difficulty. 
ay AU 200 Ol 0:02 Death in about 
19 hours. 
Mar. 15 210 Ol 0:02 Death in 1 hour | Cardio-respiratory dislocation. Temporary in- 
50 mins. creased rate and strength of heart’s impacts. 
Motor weakness. Asphyxial convulsions. 


15 210 0:15 0-315 | Deathinlhour| Do. do, After death, only fibrillary twitches 


37 mins. of auricles and larger blood-vessels (45 per 15 
seconds). 
GWE 
Nov. 6 220 0-18 0:04 Death in 3|Do. do. After death, heart beating feebly, 
hours. auricles much distended. 


* Tn all the experiments of this investigation the rats were white rats, fed on a mixed animal and vegetable diet, 
and the frogs were Rana temporaria excepting a few indicated in the tables, Mammals were deprived of food for 
about twelve hours before any substance was administered, in order to lessen errors of dosage due to variations in 
the quantity of food in the alimentary canal. 

The arrow-poisons and all other substances were dried in vacuo over sulphuric acid before they were administered. 
Usually, the poisons were injected under the skin of a flank in warm-blooded animals, and into the posterior 
part of the dorsal lymph-space in cold-blooded animals. Each dose of the arrow-poisons and of the aconite 
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Tasie II].—Poison or ARROW-HEADS FRoM CapTaIn Macponatp, I.M.S. 


Rabbits.—Injection under the skin of the abdomen. 


Weight | Dose 


Date. of per as Result. Notes. 
Animal. | Kilo. : 
19. 
Nov. 1; 1230 | 0°016 | 0:02 Recovery. No symptom observed. 
1912. r 
April13 | 1965 0:05 0°0982 | Recovery. Cardio - respiratory dislocation. _Salivation. 
Motor weakness. Slight asphyxial spasms, i 
» 17| 1790 | 0:075 | 0°134 | Death in about; Do. do. ; 
2 hours 10 | 
mins. ; 
etal nl ntisO,0) Oat 0-17 Deathin Lhour| Do. do. Increase of lachrymal secretion. | 
5 mins. After death, spontaneous twitches of left | 


auricle, but no cardiac contraction follow 
mechanical irritation of the dilated ventricles. 


| 


Taste I1V.—PoisonED ARROW-HEADS FROM CApraIn Macponatp, I.M.S. 


Frogs.—Injection into the lower dorsal lymph space. 


Weight | Dose Neral 


Date. of per Dene Result. Notes. 
Animal, | Kalo. : 
1912. i 
May 9 38 0:0525 | 0:002 | Recovery. Distinct cardio-respiratory dislocation. Cheyne- | 
Stokes respiration. i) 
April 8 32 0°12 00038 | Death in 5 to 6 | Distinct. cardio-respiratory dislocation. Dia- | 
days, phoretic frothing. Dropsy. 
» 4 38 0°15 0:0057 | Death in 2 to 3| Much  cardio-respiratory dislocation. Motor) 
‘| days. paralysis. Dropsy. 
May 20 38 0-15 0:0057 | Death in 5 to 6 | Cardio - respiratory dislocation. _Diaphoretic 
days. frothing. 
April 6 37 0°18 0:006 | Death in about | Much cardio-respiratory dislocation. Much dia- 
6 days. phoretie frothing. Motor paralysis. Dropsy. | 
June 15 40 0°2 00082 | Death in 3 to 4 | Much eardio-respiratory dislocation. Much dia- | 
days. phoretic frothing. Moderate cedema. 
April 15 30 0°3 0:009 | Death in 2 to 3 | Much cardio-respiratory dislocation. Much dia- 
days. phoretic frothing. Motor and cardiac weak- 
ness. Moderate dropsy. 


roots was separately weighed, and was suspended in 0:25 to 0:4 c.c. of distilled water or normal saline, unless 
the dose was too minute for separate weighing, in which case a suspension, made on the day of administration, of 
definite strength in a weak solution of gum arabie was subdivided so as to obtain the required dose ; and this plan 
was also adopted with the ether extract of the Government of India arrow-poison and with croton oil, which, — 
accordingly, were administered in the form of very weak emulsions. 

Weights of animals and doses of substances are stated in grammes and parts of a gramme. 
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The cardio-respiratory dislocation, noted above, consists of a great reduction in 
the rate and freedom of the respiratory movements, unaccompanied with correspond- 
ing changes in the heart’s contractions, and even, for a time, accompanied with 
augmentation of the heart’s action, which, however, is followed by irregularity, 
feebleness, and paralysis of that organ. Cardio-respiratory dislocation occurred in 
all the animals, along with general motor weakness and, in the rabbit and 
rat, with conspicuous increase in the salivary and frequently in the bronchial 
secretions; while in the frog, the skin secretion was definitely increased and 
general dropsy frequently produced. These symptoms represent the more con- 
spicuous of those that are caused by aconite. 

The minimum lethal dose per kilo of animal was found to be about 0°1 grm. for 
the rat, 0075 grm. for the rabbit, and 0°12 germ. for the frog, implying much the 
same lethal power for each animal, considering that the poison was injected in the 
form of a suspended powder. It may be noted, however, that the frog is more 
resistant than the other animals. 

As will afterwards be shown, this lethal power is much less than that of several 
other Abor and Mishmi arrow-poisons afterwards received, which is confirmatory 
of the supposition that deterioration had occurred. 

The characteristics of aconite action stated in the above tables indicate the 
presence of aconite in this arrow-poison, and this indication has been supported by a 
microscopic examination of the poison which, most obligingly, was made afterwards 
for me by Mr H. F. Tace of the Edinburgh Royal Botanic Garden. He found “that 
the basis of poison matrix is a cortical or intravascular starch-storing tissue char- 
acteristic of tuberous organs.” On comparison with the starch-containing parenchyma 
of the root tubers of Aconitum ferow, he found that “in size of cell and character of 
starch grain the two agree very closely.” Other characters are also stated which 
harmonise with those of Aconitum ferox. 

There were also present starch granules unlike those of aconite, no doubt derived 
from some of the other substances that enter into the composition of the arrow-poison. 


(b) Poison of Lieut.-Colonel Six Wyville Thomson's Arrow-head. 


This poisoned arrow-head, received separated from the rest of the arrow, was 
given to me by Lieut.-Colonel Sir F. Wyvitte Tomson, I.M.S., early in March 1912. 
It had been sent from the Janakmukh Camp, N.W. of Pasighat in the Abor country. 
It was believed to be one of the poisoned arrows prepared for use against our troops 
in General Bowers’ expedition of 1911-1912, and Sir WyvILLE was under the 
impression that “the poison is croton.” 

Experiments were made with the poison of this arrow on rats and frogs, and they 
are noted in Tables V and VI. 
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Taste V.—Porson or Apor Arrows erom Lieut.-CoLtonen Sir F. Wyvitte THomson, I.M.S, 
Received 28rH Frpruary 1912. 


Rats.— Injection under the skin of a flank. 


Weight | Dose | 4 tual 


Date. of per noe Result. Notes. | 
Animal, | Kilo. | 
z P a 
1912. i 
| June 21 188 0015 0-003 | Recovery, Cardio-respiratory dislocation, Motor weakness. | 
Slight salivation. 
ee ek Wait 0:02 0-0035 | Recovery. Moderate cardio-respiratory dislocation. 
May 30 180 0-025 00045 | Recovery. Do. Slight salivation. Motor weakness. 
Juue 11 WAR 0-025 00044 | Deathin2 hours} Do. do. do. 
42 mins, : 
age el 187 0:0375 | 0:0067 | Death in about | Do. do. Great motor weakness, 
1 hour, 
May 31 208 0:05 0:01 Death in about | Do. do. do. 
1 hour. 
28 182 Orl 0°0182 | Deathin 1 hour | Do. do, Some asphyxial spasms. After death, ) 
13 mins. heart motionless even when stimulated, | 
auricles distended. Sciatic nerves active but 
no reflexes. or 
yi cab 190 0:2 0038 |Deathin3hours| Do, do. Salivation and slight lachrymation, | 
; 3 mins. After death, left ventricle continued to con- 
tract irregularly 60 per minute, the ot : 
chambers being motionless and large. Sciatic | 
nerves active, but no reflexes when they were | 


stimulated. 


Taste VI.—Porson or ABor Arrows FROM Ligut.-CoLongeL Sir F. Wyvinte THomson, I.M.S. 
RecerveD 281A Frpruary 1912. 


Progs.—Injection into the lower dorsal lymph space. 


et —__——_————- 


Weight | Dose 


Date. of per ee Result. Notes. 
Animal. | Kilo. Sa 
1912. i: 
June 22 40 0-05 0:002 | Recovery. Cardio-respiratory dislocation. Diaphoretic froth- | 
ing. Moderate motor weakness. On 3rd day | 
slight general dropsy. Perfectly well on 4th | 
day. 19 
| May 29 30 071 | 0003 | Recovery. Do. Rae. Perfectly well on 4th day. 
June 1 42 0-15 0:0048 | Recovery. Do. do. Perfectly well on 4th day. 
» 24 27 0-175 | 0-0047 | Recovery. Do. do. Moderate motor weakness. Perfectly | 
well on 4th day. a 
ome 46 0:2 0:0092 | Death in about | Much cardio-respiratory dislocation. At times | 
4 days. no respiratory movement for more than 5) — 
minutes, while the heart’s impacts were at the | 
original rate, distinct and diffuse. Much dia- 
‘ phoretic frothing. Much abdominal swelling, | 
most of which disappeared by escape of liquid 
per ano, when the abdomen was pressed, Ve 


May 31 35 0° 


bo 


0-007 | Death. De: “do; 
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The general symptoms closely resemble those produced by the poison of Captain 
Macponatp’s arrows, and are equally in accordance with those produced by aconite. 

It will be observed, further, that while for rats the minimum lethal dose of 
Captain Macponatn’s poison is 0°1 grm. per kilo, that of Sir WyviLLe THomson’s 
poison is only 0°025 or 0°03 erm. per kilo, indicating twenty-five or thirty times’ 
greater potency ; whereas, on the other hand, for frogs the minimum lethal dose of 
Captain MacponaLp’s poison is 0°15 grm. per kilo, and that of Sir WyviLLE THomson’s 
is 0°2 grm. 

Frogs are thus shown to be more resistant to both poisons, and especially to that 
of Sir WyvitLe THomson, than are mammals—a difference which appears to me of 
some significance as indicating not only that the poison of these arrows contains 
aconite, but probably, also, as indicating the species of aconite, or at any rate that 
the species is one which contains a preponderance of pseudo-aconitine over aconitine. 
To this, however, further reference will be made (p. 909). 


(c) Poison of Colonel Bailey's Mishmi Poisoned Arrows. 


Two most interesting collections of poisoned arrows and related objects were 
received by me a considerable time after all the other arrows and relative objects 
had come into my possession and had been examined. As the experiments demon- 
strated that the poison of these arrows consisted chiefly, if not solely, of aconite, 
it is convenient to deal with them here and before the results of experiments pre- 
viously made with the poison of the Abor arrows obtained from the Government of 
India are described. 

One of these collections, as I have already noted, was given to me by Lieut.- 
Colonel Bainey, R.K., since deceased. It had been procured in the Mishmi country 
by his son, Captain F. M. Barney, of the Indian Political Department, and well 
known as a Thibetan and Mishmi explorer, with the co-operation of Mr W. G. 
BALLANTINE, C.S8.I. 

The collection consisted of seven poisoned arrows and one arrow without poison, 
which well exhibits the thread or fine cord wound spirally along the shaft 
immediately below the iron head, for the purposes of securing the arrow-head 
on the shaft and of increasing the adhesion of the poison to it (Plate XCIX, fig. 1). 
The arrows will afterwards be described more fully (p. 911). They were contained 
in a quiver consisting of a hollow bamboo cylinder 665 mm. (264 inches) long and 
185 mm. (74 inches) in circumference, having a basket-work lid and an attached 
sling 990 mm. (39 inches) long, made of a strip of cane. There is fastened along 
the side of the quiver a basket-work receptacle, 345 mm. (13% inches) long, 
provided with a slit opening near the middle (Plate XCVIII, fig. 1). 

In this receptacle there were a spare sling, a piece of thin cord such as might be 
used as the spiral support for the poison on the arrow-shaft, and two small tuberous 
roots, 38 mm. (14 inch) and 25 mm. (1 inch) long, respectively, and both 20 mm. 
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($-inch) thick at their crowns. They correspond with and were afterwards shown 


of the arrow-poison. 

These several articles were accompanied with a portion, 460 mm. long and from 
85 to 90 mm. wide, of a large greyish-brown legume, containing six circular flattened 
seeds, 37 mm. by 12 mm., of a dull brown colour on the flattened surfaces and 
shining mahogany-brown on the margins. The spermoderm of the seeds is hard and 


easily pulverised. This interior, and especially its Juice, is stated to be an ingredient 
of the arrow-poison. I have been informed by Sir George Warr and Mr BaLLantine 
that the seeds are commonly sold in the bazars of India, under the names of “ Peela” 
and ‘“‘ Maturi,” for preparing a hair-wash. Sir GeorcE Warr has also informed me 
that the legume is the fruit of Hntada scandens,* and this statement was con- 
firmed by Dr Srapr of Kew, to whom the specimen was submitted. 

The poison removed from the arrows is of a greenish-black colour when reduced 


to a fine powder. Experiments made with it on several animals are summarised in 


Tables VII, VIII, 1X, and X. 


TasLe VII.—Porson or Asor Arrows (Misum1) FRoM CoLoneL Baiey, R.E., 
anD Caprain F. M. Batuey. 


Rats.—Injection under the skin of a flank. 


Weight | Dose Aebiell 
Date. of per nee Result. Notes. 
Animal. | Kilo. : 
1914. | 
July 13 187 0:0025 | 0:00046 | Recovery in less | Slight cardio-respiratory dislocation and_ slight | 
than 24 hrs. | increase in mouth or bronchial secretion. \s 
June 29} 235 0-003 | 00007 | Recovery in less | Distinct cardio-respiratory dislocation, with very | 
, than 48 hrs, irregular respirations, Motor weakness. Loss | 
of weight. f 
July 29| 242 0004 | 0°00097 | Recovery. Do. do. Slight salivation. 
Poe eat 216 0-005 |0:00108) Death in less} Do. do. Slight spasms. 
than 20 hrs. 
June 26 205 00065 | 0:00128 | Death in less} Do. do. Much motor weakuess. Some short | 
than 24 hrs. spasms of limbs. Whe 
» 25.) 200 0:0125 | 0°0025 | Death in about | Do. do. Great motor weakness. After death, | 
25 mins. ' heart large and dark, with fibrillary twitches in 
right auricle. Skeletal muscles contract well | 
when directly stimulated. 
» 24] 200 0025 | 0-005 Death in Lhour| Do, do. Cardiac impacts vemporarily stronger | 
15 mins. and more frequent than before injection. | 
Asphyxial convulsions. A/ter death, as above. 
5 20 185 0-05 0°00925 | Death in about | Do. do. After death, do., and reflexes abolished | 
50 mins. before motor nerve conductivity. 
yy aa) woke 01 00213 | Death in 58|Do, do. After death, do., but faint spontaneous | 
mins. twitches occur in ventricle and auricles, ’ 


* Described in Watt’s Dictionary of the Heonomic Products of India, vol. iii, 1890, p. 245. 
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Tasie VIII.—Potson or Asor (MisHmi) Arrows rrom CoxtoneL Batwey, R.E., 
AND Captain F. M. Batuey, 


Guinea-Pigs.—Injection under the skin of a flank. 


Weight | Dose 

Date. of per aaa Result. Notes. 
Animal. | Kilo. vere 

1914. 

July 16 355 0:0015 | 0:00053 | Recovery. Karly, free salivation and reduction in respiratory 
rate. Much motor weakness. Slight moment- 
ary spasms of limbs. Salivation continuing 
for 50 minutes. 

mote) 404 0:002 | 0:0008 | Recovery. Do. do, 
ee LA 575 00025 000144 | Death in about | Do. do. Towards death, sudden spasms and 
2 hrs. 5 mins. general asphyxial convulsions. Ajter death, 
heart dilated with rapid and regular fluttering 
of auricles. 
pee20)| 048 0003 | 0:0016 | Deathin1] hour| Do, do. At end, some feeble asphyxial con- 
| 6 mins. vulsions. 
13) 535 0005 | 0:00267 | Death in about | Early motor weakness aud reduction in respira- 
| | 37 mins. tory rate. After death, heart motionless but 
not distended. 
Taste IX.—Porson or Axsor (Misumr) Arrows rrRom CotoneL Barney, R.E., 
AND Captain F. M. Batnny. 
Pigeons.—Injection under the skin of the abdomen. 
Weight | Dose | 
Date. of per es Result. Notes, 
Animal. | Kilo. ; 
1914. 
July 29 266 0-002 0000532 | Recovery. Almost no effect. Some restlessness. Feathers 
ruffled. 
at 4 343 0:0025 | 0:00086 | Recovery. Respiratory rate reduced. Restless. Opens 
mouth occasionally. 
ee eo 228 0-003 0000684 | Recovery. | Do. do., and feathers ruffled. Moderate 
motor weakness. 
April 27 374 0:004 00015 Death in 20, Do. do. Early motor weakness. Towards 
‘| mins. end, orthopnea. 
July 20 393 0:0065 | 0:00255 | Death in about | Sudden failure of respiration. 
13 mins. 
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Taste X.—Poison of Asbor (Misumi) ARRows From CoLoneL Baiey, R.E., 
AND Caprain F, M. Balbey, 


Frogs.—Injection into the lower dorsal lymph space. 


Weight | Dose Mele 
Date. of per "Dees : Result. Notes. 
Animal. | Kilo. i 


1914. 
June 26 21 0:025 | 0:000525 | Recovery. Slight cardio-respiratory dislocation. ie 
ym D 20 0:05 0-001 Recovery. Much cardio-respiratory dislocation, with also | 


slowing, in 30 minutes, of the heart’s rate,} 

Much motor weakness. 18 

July 7 24 0:0625 | 0°0015 Death in about | Do., with Cheyne-Stokes respiration, do. Dia-, — 

3 days. phoretic frothing. Much motor weakness. | _ 

Swelling, especially abdominal, and partly \ 
from accumulation in bladder. 

June 29 28 0-075 | 0:0021 Death in less| Do. do. Much early motor weakness. 


than 24 hrs. 


» 24 22 01 0002 Death in less| Do. do. Diaphoretic frothing. 
than 24 hrs. il 
3) 2S 22 0:2 0°004 Death in from | Much cardio-respiratory dislocation with early | 
2 to 3 hrs. slowing of heart. Much motor weakness, | 


beginning in about 10 minutes. Reflexes 
early much weakened. 


July 13 47 01 0:0047 Death in from| Do, do, Diaphoretic frothing. 
(Rana es- 5 to 6 hrs, Q 
culenta) 


In mammals and birds, accordingly, the poison of these arrows is more powerful 
than the poisons of Captain Macponatp’s and Lieut.-Colonel Sir Wyviite THomson’s- 
arrows, being in rats twenty times more lethal than the former and five times more 
lethal than the latter. Further, the lethal power is much greater in guinea-pigs — 
and somewhat greater in pigeons than in rats. 

With this greater lethality in warm-blooded animals, it is, even more remarkably 
than the latter arrow-poisons, less active in frogs, having in them only about one- — 
tenth the lethal power that is displayed in warm-blooded animals. For further 
remarks on this subject, see p. 909. The greater activity in mammals and birds of 
Colonel Barney's arrow-poison may probably be explained by its having been more — 
recently prepared, rather than because a different species of aconite had been used in its 
preparation, as itis well known that aconite deteriorates under exposure and dampness. 
As the aconite root in this collection, also, was unaccompanied with such other 
parts of the plant as would admit of its specific identification, it appeared unnecessary 
to make many experiments with an unknown species ; but a sufficient number were 
made to prove that it has the same characteristic action of aconite as the arrow- 
poison itself. 

Experiments made on mammals and frogs with the powdered cotyledon of the 
seed contained in the Hntada scandens legume resulted in showing that it is not 
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a toxic substance. Subcutaneous injection of the suspended powder produced only 
such slight local irritative effects as any otherwise inert substance would produce, 
and thus the statement is confirmed that it is incorporated with aconite root merely 
for the purpose of adding to the adhesiveness of the arrow-poison. 


(d) Surgeon-General Sloggett’s Consignment. 


For the second of these two interesting collections—also from the Mishmi 
country—I am indebted to Surgeon-General (now Sir) ArTHUR Stocerrt, R.A.M.C., 
who obtained it in co-operation with Major Davinpson, IMLS. 

It was received in November 1912, and the poisoned arrows it contained were, 
therefore, the last that came into my possession. Disablement for several months 
caused by an accident prevented this collection from being examined by me until 
long after its reception ; but as it was then found that aconite is the main ingredient 
in the poison of the arrows, it is convenient to deal with this collection in the aconite 
group of poisoned arrows. 

The collection consisted of a quiver, in which were seven poisoned arrows, termed 
“war arrows,’ and two poisoned darts, termed “bird arrows,” and several non- 
poisoned darts ; and also of ten small aconite roots. 

The quiver, constructed of bamboo, is 660 mm. (26 inches) long and 170 mm. 
(62 inches) in circumference, and is provided with a leather-covered bamboo top and 
a sling of plaited bamboo strips. There is attached to it a basket-work receptacle 
or pocket of exactly the same construction as in Colonel BatLgy’s quiver, in which 
were a spare sling consisting of a mere strip of cane, and two bundles of very fine, 
dark hair-like threads, apparently of vegetable origin. 

From the same source, there was received soon afterwards one of the bows used 
in shooting the poisoned arrows and darts. It arrived bent on its bow-string of 
vegetable fibre, when it measured about 1020 mm. (40 inches) in length ; but when 
unslung it measured about 1400 mm. (55 inches). It is flattened on the outer 
surface, where there are four or five longitudinal grooves, and it has a diameter 
over its greater part of 30 mm. (14 inch) and at its extremities of 15 mm. (=2;-inch). 
The open structure and other appearances of the wood indicate that it is derived from 
a monocotyledonous plant, and Professor BayLey Batrour, who kindly examined it, 
is of opinion that the wood is that of a Dendrocalamus (Plate XCVIII, fig. 2). 

The darts or “ bird arrows” vary in length from 560 mm. (22 inches) to 610 mm. 
(24 inches). They are made of the same kind of wood and have about the same 
thickness as the shafts of the poisoned arrows. They, however, are not terminated 
with iron arrow-heads, but the wood is thinned to a point, on and below which, for 
about 75 mm. (3 inches), the poison is scantily smeared round the wood, so as merely 
to discolour it without increasing its diameter. The other end is provided with 
“feathering,” which consists of triangular pieces of palm leaf having usually the 
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same arrangement as in the arrows, but two or three of the darts have the 
four pieces of palm leaf inserted equidistantly round the shaft instead of in oe 
opposite pairs. 

As the arrows in this collection are indistinguishable from all the other arrows 
I have received from the Abor and Mishmi countries, their characters will be included 
in the general description at p. 911. 

The poison removed from them, when finely powdered, is of a light brown 
colour. With it experiments were made on rats and frogs, and they are summarised 
in Table XI. 


Taste XI.—Porson or Misamt Arrows InN SURGEON-GENERAL SLOGGETT’S CONSIGNMENT. 


Lats and Frogs.—Subcutaneous injection. 


Weight | Dose etal 
Date. | Animal. of per D Result. Notes. 
: : ose, 
Animal. | Kilo. 


1914, 
Nov. 13] Rat. 180 0:0175 | 0°:00315 | Recovery. Cardio-respiratory dislocation. 
oa) aliG 5 180 0025 | 0:0045 | Recovery. Do. Respirations often abrupt. | . 
re sp 192 0 05 0-01 Recovery. Do. do, Cardiac rate increased, fol- | 
lowed by some irregularity. Motor | 
weakness. ; 
Dec. 11 EA 217 0-075 0:017 | Death in more | Do. do. Karly motor weakness, Pro- 
than 3 and fuse salivation. {| 
less than 17 
hours. 
we da) ero: 265 0-074 0:002 | Recovery. Motor weakness. Considerable dia- | 
phoretic frothing. Cardio-respiratory | 
dislocation, t 
Nov. 17 = 5 0-2 0:005 | Recovery. Do. do. 
ee &| 5 23 0°3 00063 | Recovery. Do. do. Respirations very irregular, 


intermitting for considerable periods, | _ 
but cardiac contractions at same time | — 
very little altered. General paresis: 
for two days. + 
Dec. 11 A 22 0°35 0:0077 | Recovery. Do. do, Cardiac contractions be- | 
came more rapid and stronger than | 
before injection. Paresis for four | 


days. iG 
= 2 5, 21 0-4 0:0084 | Death in from | Do. do. Early, much motor weak-| 
4to12hours.} ness and feebleness of cardiac con- | 
tractions. 


The minimum lethal dose for rats is seen to be 0°075 grm. per kilo, and for frogs — 
04 grm. per kilo, again illustrating a much greater lethal power in the former than — 
in the latter animals. The poison of these arrows, however, is much weaker than. 
that of Colonel Bariry’s arrows, being in both animals about ten times less lethal. 
That this is probably due to deterioration resulting from exposure and age or from 
a larger addition of inert substances, rather than because a different species of aconite — 
had been used in its preparation, is suggested by the results of the examination of — 


_ 
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the aconite roots that accompanied the arrows, for, as is seen in the following table, 
the lethal power of these roots is much greater than that of the arrow-poison. 


TapLe XII.—Aconire Roots 1x Surcron-GeneraL Sioacerr’s CONSIGNMENT. 


Rats and lrogs.—Subcutaneous injection. 


Weight | Dose Meena 
Date. | Animal. of per = be Result. Notes. 
Animal. | Kilo, a 

1914. 

Noy. 3 Rat. 200 0°005 | 0-001 | Recovery. Only very slight effect. Some cardio- 
respiratory dislocation. 

oy » 164 0:0075 | 0:0013 | Recovery. Much cardio-respiratory dislocation. 

Abrupt and irregular respiratory 
movements. Temporary increase in 
cardiac rate and strength Motor 
weakness, 

wee he 195 0-01 0:002 Death in 25 to| Do. do. Slight salivation. 

40 mins. 

3 2 | Frog. 31°5 0:02 0°00063 | Recovery. Moderate cardio-respiratory dislocation 

and diaphoretic frothing. 

eS si 27 0:03 0:0008 | Recovery. Do. do. Some motor weakness. 

ae 6 is 25 0:05 0:00125 | Recovery. Much cardio-respiratory dislocation, 

with temporary increase of cardiac 
rate and much irregularity of respira- 
tion. Diaphoretic frothing. 

» 10 5 25 0-1 0:0025 | Death im about | Do. do. Early motor weakness. 
hour” 20 Reflex contractions absent shortly 
mins. before apparent death, motor nerves 

and muscles being still active. 


The disparity in lethal power in warm-blooded animals as contrasted with frogs 
is nevertheless decidedly apparent both with the arrow-poison and with the aconite 
roots that accompanied the poisoned arrows. In the. case of the former, the 
minimum lethal dose for rats is 0°075 and for frogs 0°4 grm. per kilo, and in the 
case of the aconite roots 0°01 for rats and 0°1 germ. per kilo for frogs. 

Several years ago I pointed out that while aconitine and pseudo-aconitine, the 
two chief alkaloids found in aconite roots, act both on the heart and on respirations, 
pseudo-aconitine acts much more powerfully on the respirations than upon the heart, 
and is, therefore, more lethal to warm-blooded animals than to frogs, because the 
latter respire largely through the skin, and for that reason continue to live after 
the movements required for pulmonary respiration have been paralysed.* It is 
believed that pseudo-aconitine preponderates in Aconitum ferox,t and that this 
species is found in Thibet, a country which adjoins the Mishmi territory. 

As I have not yet succeeded in obtaining the flowers and fruits of the plants 


* Report of the British Association of Science, 1873 ; Reports, p. 128. 
+ Groves, Pharmaceutic Journal and Transactions, 1870, p. 483 ; ibid., 1873, p. 293 ; rbid., 1877, p. 444. 
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producing the several aconite roots sent to me with poisoned arrows, it has not been 
possible to identify the species of aconite producing these roots. 

The only entire aconite plants that I have yet succeeded in obtaining from North 
India were sent to me by Major Barcray, Indian Army, from Sikkim in the Eastern — 
Himalayas. They had been collected in the Lachen valley, 8000 to 12,000 feet above | 
the sea-level, by Miss Herrz, a medical missionary with botanical attamments. The 
plants were examined by Dr Orro Starr of Kew, the author of an important mono- 
graph on the aconites of India,* and were identified by him as A. heterophyllocdes. 
Although Sikkim, no doubt, is a considerable distance to the west of the Abor and _ 
Mishmi territories, its climatic conditions are not dissimilar from those in Thibetan 
and other Himalayan regions. 

Experiments were made with the roots of this aconite, and the remarkable 
discrepancy in potency between mammals and frogs was strikingly displayed ; for it 
was found that while the minimum lethal dose for rats was 0°01 grm., that for 
frogs was at least 0°15 grm. per kilo, or about fifteen times more than for rats.¢ In 
the absence of corroborative chemical evidence, the experiments at least indicate 
that pseudo-aconitine also preponderates in this aconite. As this alkaloid also pre-_ 
ponderates in A. ferox, it is possible that the aconite poison used by the Abors and 
Mishmis may be derived from one or both of these two, at present the only known 
species of aconite that contain a larger quantity of pseudo-aconitine than of aconitine. 
Otherwise it is indicated that the aconite poison is derived from some unknown species — 
containing a similar preponderance. 

In the north-east of India, other species are known to exist, of which only 
Aconitum lethale and A. Nagarum have been identified botanically ; but their 
pharmacological action and that of the other species has not been determined. 


C. ARROWS POISONED WITH CROTON. 


(a) Government of India Poisoned Arrows. 


Soon after I had received from Captain Macponatp and Lieut.-Colonel Sir — 
Wyvitte THomson the arrow-heads the action of whose aconite-containing poison 
has been described in the preceding section, a quiver full of Abor arrows was 
placed at my disposal. They had been obtained for me at the request of the India 
Office and the Government of India, and had been procured, towards the termination 
of Major-General Bowers’ punitive expedition of 1911-12, by officers of the Medical 
Service, and especially by Surgeon-General (now Sir ArrHuR) Stogeerr and Major 
(now Lieut.-Colonel) Davrpson, I.M.S. 

The quiver, which contained eleven poisoned arrows, is made of a hollow bamboo, 

* “The Aconites of India: a Monograph,” Annals of the Royal Botanic Garden, Calcutta, 1905. 
+ I find also that this discrepancy is much more remarkably displayed with A. heterophylloides, and also with the 


aconite roots reputed to be sources of the aconite arrow-poisons, than it is with A. Napellus (Anglicum), of which I 
obtained an undoubted specimen from Dr Starr of Kew. 
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and is 735 mm. (29 inches) in length and 180 mm. (7 inches) in circumference, and 
is provided with a bamboo cover or lid and a sling made of a strip of cane 10 mm. 


(zg-inch) wide (Plate XCVIII, fig. 3). 


(b) Description of Abor and Mishmi Poisoned Arrows. 


As the Government of India arrows are practically identical with all the others 
I have received from the Abor and Mishmi districts, whatever the poison they 
bear, the following description applies to all of them. 

Their usual length is from 610 to 634 mm. (24 to 25 inches), but they vary in 
length from 596 to 695 mm. (234 to 27+ inches), the Government of India (Croton) 
arrows being generally longer than the others. The shafts are pale yellow, close 
erained, light in weight, but, at the same time hard and tough, and are made of 
the wood of a bamboo whose species has not been determined.* They are from 
5 mm. (;%s-inch) to 6°4 mm. (;4s-inch) in diameter, and are irregularly rounded or 
quadrilateral. They terminate at one end in the “ feathering,” which is inserted in 
pairs into two parallel and almost contiguous slits on opposite sides of the shaft, and 
usually consists of portions of the leaf of a palm, most, kindly identified for me by 
Mr J. 8. Gameie, C.8.L, as Livistonia Jenkinsiana, Griff. ; but in two of the arrows 
contained in Colonel BaiLEy’s quiver it consists of the actual feathers of a bird, only 
one feather, however, being inserted into each side of the shaft (Plate XCIX, fig. 2). 

At the other end of the shaft is the iron arrow-head, rude in its workmanship, 
generally broadly rounded and not sharply pointed at the end, and provided with 
two barbs of irregular shape. In the several arrows examined the iron heads measure, 
from the point of the head to the end of the barbs, from 17 mm. to 27 mm. 
( to 1/5 inch). The barbs of each arrow are unequal in size, and the surfaces 
of the opposite barbs are flat and not reversely concavo-convex as in African 
poisoned arrows. 

The iron heads are provided with short and narrow basal prolongations which are 
inserted into slits in the wooden shafts, where they are secured by pieces of common 
twine or thin strips of vegetable fibre or metal wire, each of which is wound spirally 
down the shaft for from 30 mm. to 60 mm., or rather less than the distance covered by 
the poison (Plate XCIX, fig. 1), and also serves to increase the adhesion of the poison to 
the shaft. Hach end of the encircling spiral is secured in a cut in the wooden shaft. 

The poison is greyish brown exteriorly, rather difficult to pulverise until dried 
m vacuo over sulphuric acid, and when pulverised it has a brown or greenish-brown 
colour. It is irregularly smeared over the greater part of both sides of the iron heads 
and round the adjoining wooden shafts for from 40 mm. (lg-inch) to 76 mm. 
(3 inches) of their length, and it is marked with spiral lines or cracks representing the 
underlying string or wire. The shafts are here thickened according to the quantity 


* They were submitted to Mr J. S. Gams, C.S.1., a leading authority on Indian bamboos and other woods, and 
he considers that the bamboo is probably a botanically undescribed species. 
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of poison smeared over them, which is about 2 millimetres thick where it is most 
abundant, and lessens much towards the lower end until it becomes insufficient 
to increase perceptibly the thickness of the shaft (Plate XCIX, figs. 2, 3, and 4). 

In nearly all of these respects the Abor and Mishmi poisoned arrows contrast — 
unfavourably in design and skill of construction with the poisoned and much more 
deadly arrows of the native tribes of Africa.* 


(a) continued.—The poison of the Government of India arrows is firm and hard — 
and moderately brittle, and when pulverised it has a greenish-brown colour. When 
a small portion was heated on a piece of paper, a permanent, translucent stain was” 
produced indicative of an oily ingredient, which at once distinguished it from the 
poison of all the other arrows that have been described. 

Experiments were made with portions of the poison of nearly all of the Govern- 
ment of India arrows, and the effects produced were found to be the same, both 
qualitatively and quantitatively, in the case of each arrow. 

There was found, however, a remarkable difference between the action of their 
poison and that of the arrows received from Captain Macponarp, Lieut.-Colonel — 
Sir Wyvitte TxHomson, Colonel Battey, and Surgeon-General Stogererr. This 
difference was not only in the nature of the action, but also in the effects produced 
in warm-blooded animals as contrasted with those produced in the cold-blooded 
animals that were used—a contrast, further, which is altogether different from that 
displayed in the case of the aconite-poisoned arrows. 

The effects in warm-blooded animals are shown in the experiments noted in — 
Tables XIII and XIV, in the former of which rats were used and in the latter rabbits, 
guinea-pigs, cats and pigeons, as it seemed desirable to eliminate any peculiarities 
of action or resistance that might be confined to rats. , 

Although quantities that are very large, even enormous, for any active substance, 
such as 0°6 grm. per kilo to rats, representing a dose more than one hundred times 
larger than the minimum lethal of the poison of Colonel Batney’s arrows, had been 
administered, in none of these or the other warm-blooded animals was a lethal effect 
produced, whether the poison was introduced under the skin or into the substance 
of muscles, or whether it was moderately or largely diluted with water or normal 
saline. At the same time, doses, whether minute or large, invariably caused pro- 
nounced local irritative effects of long duration, which with large doses were so 
severe that abscess and ulceration resulted. In warm-blooded animals there was 
practically no other symptom than that of local irritation, with, occasionally, soft- 
ness of the bowel evacuations. No blood was passed by the bowels, nor on the 
occasions on which the urine was examined did either blood or albumen appear in it. 


* For illustrations and descriptions of African poisoned arrows, see papers by the Author, on the Action, ete., 
of Strophanthus hispidus and S. sarmentosus, Transactions Royal Society of Edinburgh, vol. xxxv, part iv, 1890, and 
vol. xlvii, part ii, 1910 ; and of Acokanthera Schimpert, Archives Internationales de Pharmacodynamie, vol. v, 1899. 
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Taste XIII.—Porson or ABor ARROWS FROM THE GOVERNMENT oF InpIA. 


Rats.—Injection under the skin of a flank. 


Actual 


D Result. Notes. 
Animal. | Kilo. pee: 


July 14 190 0:005 | 000095 Recovery. Small swelling at site of subcutaneous injection 
which lasted more than 10 days. No other 
symptom observed. 

July 4] 180 0:025 | 0:0046 Recovery. Do. do. 

April 20) 187 0°05 0-0093 Recovery. Large swelling which remained for more than 12 
| days. No other symptom observed. 

May 29} 175 01 00175 Recovery. Do, do. Swelling had not disappeared in 20 
days, and there was some suppuration. Urine 
examined contained no albumen or blood. 


a WY 220 0-2 0-044 Recovery. Do. do. 

2 185 0-4 0°075 Recovery. Do. do. Suppuration occurred and a scab 
remained for many days. 

6 7) 0:6 0-105 Recovery. Do. do. No other symptom. No effect on 


the heart, respirations, or voluntary movement. 
Weight increased while the swelling was 
present. 


TaBLE XIV.—Poison oF ABoR ARROWS FROM THE GOVERNMENT OF INDIA. 


Rabbits, Guinea-pigs, Cats, Pigeons.—Subcutaneous injection. 


: Weight Dose 
Date. | Animal. of per Actual 


D Result. Notes. 
Animal. | Kilo. aaa 


1912. 
April 24 Rabbit. 1827 0-2 0°365 Recovery. Large swelling at locality of injection, 
A followed by abscess. Local effects 
lasted for more than 2 weeks. In 
this time the weight at first fell a 
little, but many days before the 
swelling had disappeared it had 
become greater than on the day of 
the injection. 

1914. 
June 30 | Guinea- 545 0:05 | 0:027 Recovery. Large swelling. Local effects lasted 
pig. for more than 10 days. 

July 6, Cat. 2460 0:05 | 0:123 Recovery. Do. do. Abscess with skin necrosis, 
on the occurrence of which the 
animal was killed with coal gas. 
June 30 | Pigeon. 353 0:05 | 0:01765 Recovery. Slight swelling at region of injection 
(right pectoral region), which lasted 
only 2 or 3 days. 

July 6] Pigeon. 363 0:05 | 0-018 Recovery. Do. do. Injection made under skin 
of a thigh. 
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Generally, a few days after the administration the animals again began to eat well 
and even to gain weight, so that they soon became actually heavier than before the 
administration, although inflammatory thickening and even moderate suppuration 
were still present at the situation of injection. 

This absence of general effects and of other evidence of the entrance into the — 
blood of any toxic substance that had been introduced under the skin was not, 
however, manifested in frogs. The experiments on these animals are recorded in — 


Table XV. 


TaBLE XV.—Poison or ABorR ARROWS FROM THE GOVERNMENT OF INDIA. 


Frogs.—Injection into the lower dorsal lymph space. 


Weight | Dose rca 
Date. of per TEE Result. Notes. 
Animal.| Kalo. : 
1912. 
Mar. 31] 35 0001 | 0°000035 | Recovery. No effect observed. 
a DL 28 0-002 | 0:000056 | Recovery. No effect for 6 days, when blood was passed | 


per ano, and this was repeated, at irregular | 
intervals, during the following 30 days. No 
effect on heart, respirations, or motility. 
coal aay; 0:004 | 0000108 | Recovery. No effect observed excepting a little blood 
per ano on 22nd day. 
Oct. 5| 22°5 0°005 | 0:000112 | Death in from | Moderate swelling of body and throat, with 
10 toll days.| discoloration at dorsum, where afterwards a 
small shallow ulcer appeared. After death, | — 
purplish-red discoloration under skin of | 
back, extending slightly to both thighs. | 
Roof and floor of mouth congested. Blood 
in stomach and rectum, 
Smo) aes 0°01 0:000215 | Death in from | No definite symptom observed, only weakness | 
4 days 5 hrs, and discoloration of back. After death, | 
to 4 days 15 congestion and hemorrhages on floor and 
hrs. roof of mouth, where cedematous swelling, 
Considerable quantity of blood in stomach, 
less in rectum, and very little in intestines. 
Congestion of lungs and liver. 
er) 20°5 0:02 0:0004 Death in more | No definite symptom observed. After death, 
than 2 and|_ swelling of back and purplish discoloration 
less than 3 from anus to base of head; under skin 
days. of back blood-stained serum; many large 
hemorrhages there from urostyle to base 
of eyes, and a few in axillaz and below 
skin of lower jaw. Abdominal viscera con- 
gested. In stomach much blood, in small 
intestines none, and in rectum a considerable 
quantity. 


May 1 25 0:025 | 0:00062 | Death between|On 2nd day some hemorrhage, apparently 
*| 2nd and 38rd | from mouth or nares. After death, sub- 
days. cutaneous congestion and hemorrhages over 


back. Much dark and sanguineous liquid in 
stomach and intestines, giving the reactions 
of blood. 
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TasBLE X V—continued. 


Weight | Dose 
Date. of per 


Dee Result. Notes. 
Animal, | Kilo. Pipi 


1912. 
@ct: 5 20 0:05 0-001 Death in from | On 2nd day some blood passed per ano. After 
24 to 37 hrs. death, considerable serous effusion in thighs 
and trunk of body; surface below skin of 
dorsum dark purple, with numerous heemor- 
rhages, and a few hemorrhages at flanks, 
upper part of thighs, front of abdomen and 
thorax and floor of mouth. Stomach and 
upper part of intestines contain blood, but 
not the rectum. 

April 27) 32 0-075 | 0:0024 Death in from | Moderate cedema. After death, appearances 
1 to 2 days. much as above. A little urine was obtained 
from the bladder, and found to contain albu- 
men, but no blood. 

Oe 95) 19° 0-1 0:00195 | Death in less| No symptom observed. A/ter death, muscles 
than 18 hrs. and nerves respond to feeble galvanic stimuli ; 
no reflex ; heart motionless, dark and large ; 
hemorrhages under skin of back, none under 
skin elsewhere. In cardiac two-thirds of 
stomach, a large gelatinous, red mass (about 
05 c.c.) which gave the reactions of blood, 
but no blood in small or large intestines.* 


This arrow-poison, accordingly, is in frogs more lethal than any of the arrow- 
poisons whose toxicity is derived from aconite, as it is about forty times more lethal 
than the poison of Sir WyviLLE THomson’s arrows, and twelve times as lethal as that 
of Colonel BaiLey’s arrows. Generally, death is only slowly produced; the animal 
seems unaffected for several days, except that usually blood escapes per ano, and that 
latterly there is general feebleness. Until only a short time before death, there is no 
diminution in the respiratory or cardiac movements or in afferent or efferent nerve 
conductivity or reflex excitability. After death, congestion and hemorrhages are 
found at and near the locality of injection, and sometimes at a considerable distance 
from it; but, above all, blood, it may be in considerable quantity, is found in the 
alimentary canal from the stomach to the rectum, and, with large doses, even from 
the mouth to the rectum, the greatest quantity being usually in the large intestine. 

As in the above experiments this arrow-poison had been injected in a locality 
where only delicate structures interpose between it and the interior of the abdomen, 
the hemorrhage into the alimentary canal might possibly, although not probably, 
be due to mechanical imbibition of the poison. For the purpose of obtaining 
information regarding this possibility, two series of experiments were made, in one 
of which the arrow-poison was injected under the skin of a thigh and in the other 


* In several of these and of the subsequent experiments, the blood was recognised by spectroscopic as well as 
chemical tests. 
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under that of a leg below the knee. The results of these experiments are recorded — 
in Tables XVI and XVIL. 


Taste XVI.—Porson or Aspor ARROWS FROM THE GOVERNMENT OF INDIA. 


Frogs.—Inyjection under the skin of a thigh. 


Weight | Dose 


Date. of per Actual 


Den Result. Notes. 
Kilo. : 


Oct. 19 30 0-005 | 0:00015| ? was killed on | Blood passed on 26th, 29th, 36th, 44th, and 46th | 
50th day. days, and moderate swelling with discoloration 
of injected thigh. No other symptom.  A/fter | 
death, heemorrhages in injected thigh. Con- | 
siderable quantity of blood in large | intestine, | 
but none in stomach or small intestines. 

ae i 18 0:025 | 0:00045)| Death in 2 to} Swelling and discoloration of thigh, leg, and | 
3 days. foot of injected limb. Some feebleness in | 
movements on 3rd day. A/ter death, water in | 
frog dish gave blood reactions ; muscles of thigh | 
and foot of injected limb reddish purple, with | 
many hemorrhagic spots ; hemorrhages also in | 
the muscles of opposite thigh and at the uro- | ‘ 
style. A little blood in stomach and small] | 
intestines, and a considerable quantity in leet _ 
intestine. 
sa AD 229-5 0:05 0°00148} Death in 3 to| Very little effect observed during life except a 
4 days. motor weakness and discoloration of injected | 
leg. After death, skin and muscles of injected | — 
thigh, leg, and foot dark and hemorrhagic, and | 
slight heemorrhages in thigh of opposite limb. | 
Tn | stomach much blood, in duodenum a trace, 
and in large intestine none (Plate C, fig. 2). 
i ANT» MPT Sed 0-1 0:00175) Death in about | No symptom observed but moderate motor weak- | 
2 days. ness on 2nd day. After death, large and small | 
hemorrhages in thigh and leg of injected limb, | 
considerable hemorrhage in opposite thigh | 
and urostyle, and punctiform hemorrhages on | 
and in pectoral muscles. Much blood in | 
stomach and small intestines and a little in| — 
larve intestine. | , 


In the greater number of these experiments, hemorrhages occurred in the 
alimentary canal and also in the subcutaneous and muscular tissues of the limbs 
into which the poison had not been injected. 


POISONED ARROWS OF THE ABORS AND MISHMIS OF NORTH-EAST INDIA. 


Date. 


1914. 
Jan. 7 


Oct. 12 


Dy 


TaBLE XVII.—Porson or ABor ARROWS FROM THE GOVERNMENT OF INDIA. 


Weight 
of 
Animal. 


Frogs.—Invyection under the skin of a leg below the knee. 


Dose 
per 
Kilo. 


Actual 
Dose. 


Result. 


Notes. 


33 


18 


Me 


0-005 


0-025 


0:05 


0-1 


0000165 


0-00045 


0:000875 


0-0017 


Recovery ? 

Killed with 
chloroform 
on 19th day. 

Death in 6 to 
7 days. 


Death in 2 to 
3 days. 


Death in less 
than 2 days. 


No symptom observed except indisposition to go 


On 3rd day, discoloration and slight swelling 


On 2nd day, a little blood at nose and mouth ; 


After death, punctated hemorrhages of leg and 


about. After death, no abnormal appearances 
under skin, no blood in alimentary canal. 


of thigh and leg of injected limb. On 4th day 
motor weakness. No blood passed. After 
death, blood in water of dish ; thigh, leg, and 
foot muscles of injected limb very red, those 
of leg being intensely so ; no hemorrhages in 
opposite limb or elsewhere, except slight 
hemorrhages in pectoral region and flank of 
side injected. In stomach and small in- 
testines a little blood, and in large intestine 
a considerable quantity. 


thigh and leg of injected limb discoloured, 
and foot swollen. After death, whole of 
injected limb very dark, almost black ; blood 
in fluid in dish; a little blood at urostyle 
and punctated hemorrhages in muscles of 
injected thigh, leg, and foot, mostly in leg; 
no hemorrhage in opposite limb or elsewhere. 
In stomach and large intestine a considerable 
quantity of blood, and a little in upper part 
of small intestines. 


foot of injected limb; none of its thigh or of 
any part of opposite posterior extremity, but 
much heemorrhagic discoloration of tissues 
under skin at anterior aspect of abdomen 
and thorax. Much blood in stomach, and a 
little in small and large intestines, 


The experiments demonstrate that, even when the locality of injection is distant 


from the abdomen, hemorrhages into the alimentary canal are produced. 


Although no attempt was made to define the minimum lethal dose in these two 


series of experiments, the records in Tables XVI and XVII show that, even when 


injected in distal localities, so small a dose as from 0°005 to 0°025 grm. per kilo is 


sufficient to produce death. 


In the experiments in which the injection was made below the knee (Table XVIJ), 
the experiment with 0°1 grm. per kilo is noteworthy as it shows that while much 
hemorrhage and congestion were produced in the injected leg, the thigh of the same 


extremity above the knee presented only normal or nearly normal appearances, 
although much blood had been extravasated into the anatomically distant alimentary 


canal. 
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Among these experiments, also, attention may be directed to the series of three 
experiments made on the same day (12th October 1914), in which with a dose of 
0°025 grm. per kilo much blood was found in the large intestine and only a little in 
the stomach and small intestines ; with a dose of 0°05 grm. per kilo the extravasated 
blood was more equally distributed throughout the alimentary canal; and with a 
dose of 0°l1 grm. per kilo much the greater part of the blood was present in the 
stomach. These facts suggest that the elimination of the hemorrhage-producing 
constituent of the poison occurs chiefly if not entirely into the stomach, a suggestion 
that receives support from some also of the experiments in which the arrow-poison 
was injected under the skin of a thigh (Table XVI, experiments with 0°05 and 
01 grm. per kilo). 


(c) Ether Extract from Poison of Abor Arrows from the Government of India. 


For the purpose of isolating this constituent, the arrow-poison was extracted 
with water, weak acids, alcohol, and ether; and, although each product caused effects 
similar to those caused by the arrow-poison, the most satisfactory product was 
obtained with ether. A small quantity of the poison was extracted in a Soxhlet 
apparatus with pure ether ('720), and on evaporating the ether a substance re- 
presenting 21°8 per cent. of the dried arrow-poison was obtained. It was a slightly 
viscous fluid, of a brownish-yellow colour, and gave an oily stain to paper. 

When 0°0024 grm. of this ether extract was injected under the skin at the flank 
of a rat weighing 235 grms. (representing 0°01 grm. per kilo), no other effect was 
produced but a local swelling at the site of injection, which appeared within 24 hours 
and had not altogether disappeared one month afterwards. 

In frogs, however, besides local effects, the same general and lethal effects were 


produced as by the arrow-poison itself. The experiments with this animal are- 
summarised in Table XVIII. 


Taste XVIIJ.—Eruer Extract rrom Porson or ABor ARROWS FROM THE GOVERNMENT OF INDIA. 


Progs.—Injection into the lower dorsal lymph space. 


Weight | Dose 
Date. of per Actual 


Result. Notes. 
Avimal,| Kilo. | Dose. 


1914. 

Mar. 29| 25 0:00025 | 0:00000775 Recovery. No symptom observed until 7 days, when a 
considerable quantity of blood was passed 
per ano, and traces continued to be passed 

occasionally for the next 30 days. 

i  2ot ol 0°0005 | 0:0000155 Recovery. No symptom observed until 7 days, when a 
considerable quantity of blood was passed, 
and this was repeated with varying 
quantities on the 10th, 12th, 14th, 17th, 
26th, and 35th days. 
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TasLte X VI [1—continued. 


Date. 


June 16 


May 5 


Weight 
of 
Animal. 


Dose 
per 
Kilo. 


Actual 
Dose. 


Result. 


Notes. 


23°5 


22 


30 


25 


25 


0-001 


0002 


0:0025 


0:003 


0-004 


0-005 


0:0000235 


0:000054 


0°000055 


0-00009 


0:0001 


0:000125 


Death in about 
14 days. 


Death in about 
14 days. 


Death in from 
26 to 27 days. 


Death in from 
3 to 4 days. 


Death in from 
2 to 3 days. 


Death in 2 to 
3 days. 


In a few days, lethargic and indisposed to 
move about, and skin in region of injec- 
tion dark in colour. On 6th day, fluid 
in frog-dish contained albumen. After 
death, a discoloured area at lower part of 
back, beneath which intense purple dis- 
coloration, with softening and much blood, 
from middle of back to upper part of both 
thighs, involving all the tissues down to 
the bones, about 30 mm. long and 10 mm. 
wide. A few punctiform hemorrhages in 
thigh and leg muscles. Stomach and in- 
testines moderately filled, but no blood 
found. Ventricle pale and contracted, 
auricles pink and of medium size. Blood 
removed from heart very pale, and cor- 
puscles pale and many deformed. Clear, 
nearly colourless serum separated from 
removed blood. 

Blood passed by anus on 4th and on sub- 
sequent days. Gradually increasing motor 
weakness. Rate of heart and respirations 
unaffected until day of death. After death, 
the heart’s auricles were contracting regu- 
larly 2 per 10 sec. Heemorrhages on each 
side of urostyle. Blood in small intestines, 
Viscera and tissues pale. 

Do. do, Ulcer formed at site of injection. 
After death, blood in small intestines and 
much blood in large intestine. 

Only motor weakness. After death, vessels 
of urostyle dilated and punctate hemor- 
rhages. Serous effusion in subcutaneous 
and intra-muscular tissues. blood in 
stomach, and much blood in large intestine. 

Only motor weakness, After death, blood 
in stomach and intestines, none in rectum. 
Subcutaneous collection of blood-stained 
fluid and some hemorrhages at site of 
injection. Many hemorrhages in tissues 
of right thigh, and a few in those of left 
thigh. Blood removed from the heart 
yielded a colourless and clear serum on 
coagulating. 

Blood passed by anus on 3rd day, when rate 
of respirations was unchanged. Much 
motor weakness. After death, at bottom 
of spine subcutaneous cedema with patches 
of ecchymosis. Auricles and ventricle of 
heart large. Blood in stomach and small 
intestines and much blood in large in- 
testine. 


org 
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As, therefore, this ether extract, representing about one-fifth of the weight of 
the arrow-poison from which it had been derived, reproduced the effects of that 
arrow-poison, with a lethal power in frogs at least five times @reater, it may be 
regarded as the active ingredient. 

With the purpose already explained, two series of experiments with this ether 
extract, also, were made on frogs, in one of which it was injected under the skin of | 
a thigh, and in the other of a leg below the knee. 

Their results are displayed in Tables XIX—XXI. 


Taste XIX.—Eruer Extract rrom Poison or ABoR ARROWS FROM THE GOVERNMENT OF INDIA. 
Frogs.—Injection under the skin of a thigh or of a leg. 


Weight | Dose Weraall : 
Date. of per D f Result, Notes. 
Animal. | Kilo, Spee 
1914. Injection under the skin of a thigh. We 
June 8; 29 0°025 , 0:000725 | Death in from | No change in rate of cardiac or respiratory | 
2 to 3 days. movements. On 2nd day, motor weakness ; | 


and on 3rd day, passage of blood-stained 

gelatinous substance per ano. After death, 

blood-stained fluid under skin of trunk ; heart 

dilated ; much blood in stomach and small | 

and large intestines. 

8] 20 0°05 0-001 Death in about | Do. do., except no blood passed. After death, | 
24 hours. as in previous experiment. 


Injection under the skin of a leg below the knee. 


May 5{ 20 0-01 0:0002 Death in from | On 2nd day, motor weakness. Skin of injected 
5 to 6 days, leg purplish red from knee to ankle, and on 
3rd day of lower thigh and foot. After 
death, several large and punctate hemor- | 
rhages in tissues of injected leg and thigh | 
and of sacral region, and small linear hzemor- 
rhages in upper thigh of opposite leg. Blood 
in stomach and large intestines. ; 
Ti 12225 0-01 0:000225 | Death in less | Injection made in ventral aspect of leg. No 
than18hours.| symptom observed. After death, slight 
pallor of tissues everywhere. Muscles con- 
tracted on galvanic stimulation of sciatics, 
but no reflexes. Cardiac ventricle pale in 
medium diastole. Skin over dorsal aspect 
of left leg slightly darker than over right 
leg ; no difference in ventral aspects. Below 
the skin, in neither leg nor thigh was there 
any congestion or hemorrhage, nor in any 
subcutaneous or deep tissue anywhere in the 
body. Stomach greatly enlarged, bluish 
purple, and blood-vessels dilated. Small 
intestines almost empty; large intestine 
moderately large and slaty blue. In stomach, 
dark red gelatinous substance which gave 
spectroscopic and colour reactions of blood, 
and which contained numerous blood cor- 
puscles. Reactions of blood, but no blood 
corpuscles, in contents of small and large 
intestines. No hemorrhages or congestion 
of brain or spinal cord. 


” 
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Taste XI X—continued. 


Weight | Dose Ashe 
Date. of per nee ‘ Result. Notes. 
Animal. | Kilo. e 
1914, 
May 11 22 0:02 000044 | Death in less | /njection made in ventral aspect of leg. In this 
than 18 hours. experiment, also, no symptom was observed 


during life. Ajter death, much blood was 
extravasated into the alimentary canal and 
was more equally distributed in the stomach 
and small and large intestines. There was no 
congestion or hemorrhage in any part of the 
posterior extremities or in the subcutaneous 
or deep tissues anywhere, and they, as well 
as the braim and spinal cord, appeared rather 
pale (Plate C, fig. 1). 

June 8 30 0:025 | 0:°00075 | Death in from | No change in rate of cardiac or respiratory 
4 to 5 days. movements. On 2nd day, motor weakness, 
On 2nd and 4th days, blood-stained gelatin- 
ous matter passed per ano. After death, 
heart motionless, but when touched the ven- 
tricle contracted regularly 42 per minute for 
5 minutes, then slowed and soon stopped in 
diastole. Hzemorrhages in tissues of injected 
leg, thigh, and foot. Much blood in the 
stomach and intestines. 


ie ok 30 0°05 0:00115 | Death in about | Do. do. After death, in leg injected purplish- 
2 days. red discoloration of the gastrocnemius, and 


punctiform hemorrhages in all the muscles 
of the lee and foot and a minute hemorrhage 
in the right and left pectoral muscles. Dark 
fluid blood in heart and larger blood-vessels. 
Blood-stained fluid in peritoneum. Stomach 
and intestines contain blood. 


In the second of these series, particular attention may be drawn to the experi- 
ments with 0°01 and 0°02 erm. per kilo. In both of them, large lethal doses of ether 
extract were injected under the skin of the ventral aspect of a leg below the knee, 
and quickly produced death; but in the examination made after death, while there 
was no hemorrhage or even congestion in the part where the poison had been 
injected, nor even in any part of the injected limb or other subcutaneous or deep 
tissue of the body, still a large quantity of blood was found in the alimentary canal. 
In the experiment in which the smaller dose (0°01 grm. per kilo) had been injected, 
nearly all of this blood was found in the stomach; but it was more equally dis- 
tributed throughout the alimentary canal—in the stomach, small intestine, and large 
intestine—in the experiment in which the larger dose (0°02 grm. per kilo) had been 
injected. The results of the latter experiment are well depicted in the drawing 
(Plate C, fig. 1), which also shows the absence of hemorrhage or even congestion 


at the ventral aspect of the left leg where the poison had been introduced. 
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With the Government of India arrow-poison or its active constituent I have not — 
discovered any probable cause of death excepting hemorrhage, due, it may be, to a — 
destructive action on blood-vessels. The extravasated blood, however, represents a — 
large percentage of the total blood of the body. It is generally diffused throughout — 
the subcutaneous, and to a less amount the deeper, tissues of the body, and into the 
alimentary canal. In some experiments it was found only in the alimentary canal | 
(Table XIX, ether extract, 0°01 and 0°02 germ. per kilo); and, on the other hand, in 
other experiments, and especially with small doses, in the subcutaneous and contiguous: 
deeper tissues only (Table XVIII, 0°001 per kilo ether extract, dorsal lymph space). 
Otherwise, the tissues of the body were usually pallid, and the blood-vessels appeared 
to contain very little blood. — 

In a few experiments in which the condition of the blood was specially examined _ 
it was found to be pale and watery, suggesting anzemia; but as no standard of the — 
normal blood constituents of the frog appears to exist, exact determinations could — 
not be made without frustrating the primary objects of the experiments, for, in order 
to obtain controls, a considerable quantity of blood would have been required to be — 
taken from each animal before the substance was administered. 4 

The result of a few estimations of the erythrocytes and hemoglobin, made for — 
me by Mr A. M. Guosu, one of my clinical assistants, lent a general support to the — 
view that both of these constituents were diminished. 

Excepting pallor and irregularity in size and slight deformation of outline, there 
has not been observed any change in the red cells; and from blood drawn immediately 
after death from a cardiac auricle into a capillary tube, a clear and practically colourless” 
serum separated, from which it may be inferred that this poison has no im wivo 
hemolytic action (Experiments 0°004 ether extract, May 12, and 0°001 ether extract, 
January 5, 1914, dorsal lymph space). In a few experiments, the brain and spinal — 
cord were examined after death, but no hemorrhage or even congestion was observed, | 
the appearance being rather that of pallor. 


(d) Ow of Croton Tiglium. 


As the ether extract of the Government of India Abor arrow-poison closely 
resembles croton oil in physical and sensory characters and in well-marked 
irritative contact effects, it became desirable to ascertain if it otherwise resembles it ; 
in action, and, especially, if it can also reproduce the same anomalous peculiarity of 
an absence of lethal activity in warm-blooded animals as contrasted with great lethal 
activity in frogs. 

With this object, the experiments summarised in Tables XX and XXI were 
made with an ordinary commercial specimen of croton oil derived from Croton 
Tighum. 
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Taste XX.—Crovron Om—Or1n or Croron TicLium. 


Rats.—Injection under the skin of a flank. 


| 
Weight | Dose ses 
Date. of per ee Result. Notes. 
Animal. | Kilo, a 
1912. 
Oct. 22 160 0005 | 0-0008 | Recovery. On 2nd day, swelling at site of injection, which 
had not entirely disappeared in 2 weeks. No 
| other effect. Weight increased. No change | 
in rate of heart or respiration. No blood was 
passed. 
ee 157 0-01 0:00157 | Recovery. Do. do. 
Seed 157 0:02 000314 | Recovery. | Do. do. 
Baez 158 0025 | 0-0039 | Recovery. |Do. do. 
ay We 153 0:05 0-008 Recovery. Do. do. 
Taste XXI.—Croton OIL. 
Froys.—Injection into the lower dorsal lymph space. 
Weight | Dose wenn 
Date. of per 7 ae Result. Notes. 
Animal, | Kilo. ; 
1912. 
Oct. 22 30 0-001 | 0:00003 | Recovery. No effect observed. 
Nov. 14 35 0-002 0:00007 | Death in about | Only several slight bleedings per anv observed. 
26 days. 
Oct. 17 33 0:0025 | 0:000085 Death f less | On 2nd day, blood-stained soft masses passed 
| than 21 hrs. per ano. After leath, on each side of lower 
spine much congestion, with hemorrhages 
about 54-inch, and similar hemorrhages in 
each pectoral region. In stomach and intes- 
tines much blood-stained matter containing 
both unchanged and disintegrated red blood 
corpuscles. 
5 25) 26 0-005 0.000078 | Death in from For 3 days no symptom and no change in rate 
7 to 8 days. of heart or respirations. On 4th day, motor 
weakness. On 7th day, some swelling of 
throat and abdomen, and purplish discolora- 
tion at lower dorsal region. After death, 
bluish-grey slough in posterior dorsal region 
and much congestion of tissues of trunk, 
where also some effused liquid. Fauces 
and interior of mouth congested. Contents 
of stomach and small intestines slightly 
blood stained, with much gelatinous, deeply 
| blood-stained substance in large intestine 
and rectum and many well-formed and 
degenerated red blood corpuscles in each, 
Nov. 25 26 0-004 0000104 | death in from} Do, do. On 7th day, commencing motor 
9 to 10 days. weakness. On 8th day, bluish discoloration 
of skin in region of injection, and a slough 
there on that day. 
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TABLE XXI—continued. 


Weight Dose 
Date of per ee Result. 
Animal. | Kilo. ; 
1912 
Och aly 30 0°005 0:00015 | Death in less 
than 21 hrs. 
eS 38 0 005 000019 | Death in from 
48 to 60 hrs. 
ee 28 0:0075 | 000021 | Death in about 
25 hrs. 
2) 30 0-01 0:00038 Death in from 
2 to 3 days. 


It is of interest to observe that in frogs the minimum lethal dose of croton oil is 
practically the same as that of the ether extract of the Government of India arrow- 
poison—about 0°001 to 0°002 erm. per kilo; each being therefore about five times 


more lethal than that poison. 


As the details of the experiments noted in the above tables show, croton oil 
therefore reproduces the effects of the Government of India arrow-poison and of its 
etherial extract in all those respects to which attention has been drawn. 
blooded animals it causes only local changes, even with large doses ; whereas in frogs 
it acts as one of the most powerful of death-producing poisons, implicating parts 
anatomically remote from the locality of application, and in both respects revealing 
remarkable and previously unknown anomalies in its action. ) 

That in causing this generalised action in frogs the oil or some constituent 
of it is carried by the blood or lymph circulation from the’ locality of appli- 
cation to distant parts of the body is manifestly shown by the following 


experiments (Table XXII). 
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Notes. 


No sympton observed before death except 
motor weakness. After death, much con- | 
gestion of tissues beneath skin of back and | 
thighs, but no hemorrhages. Much blood | 
in stomach and large intestine. j 

On 2nd day, motor weakness ; swelling of | 
mouth, removed by escape of red frothy 
fluid in which many red corpuscles. After | 
death, congestion and hemorrhages at back 
on each side of urostyle, and small blood 
coagula in subcutaneous space between lower | 
jaw and clavicles. Much blood in stomach | 
and small intestines, none in large intestines | 
and rectum. 

Do. do. After death, much subcutaneous 
congestion at back, with minute hemorrhages, 
and also in pectoral region. Floor of mouth | 
intensely congested. Much blood in stomach | — 
and intestines, especially the large intestine. | 

No symptom except escape of much blood by 
cloaca within 18 hours. <A/ter death, slight | _ 
subcutaneous hemorrhages at back. Stomach | 
nearly empty and no blood in it. Intestines | 
distended and dark purple or black, with | 
dark red gelatinous contents containing much 
blood. Reetum distended, dark brown, and | 
containing dark red liquid in which much 
blood. 


*~ 


In warm- 
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TaBLeE XXII.—Croton Om. 
Progs.—Injection under the skin of a thigh or of a leg. 


Dose 


per 
Kilo. 


Actual 
| Dose. 


Result. 


Notes. 


Weight 
Date. of 
Animal. 
1914. 
April 28 33 
| 
28 23 
Oct. 29 36 
29 31 
“5 25 
23 29 


0-05 


0-005 


0-01 


0-03 


0-05 


0°000825 


0-00115 


00003 


0:00075 


0 00145 


Injection under skin of u thigh. 


Death in from 
4 to 5 days. 


Death in from 
3 to 4 days. 


Injection under the skin of 
0:00018 | Death in from 


7 to 8 days 


Death in from 
5 to 6 days. 


Death in from 
6 to 7 days. 


Death in from 
2 to 3 days. 


On 3rd day, motor weakness, but almost no 
change in rate of respiratory or cardiac move- 
ments. On 4th day, congestion of skin of 
injected leg and a little blood passed per ano. 
Blood also passed on 5th day. A/ter death, 
injected leg has subcutaneous and intramuscular 
cedema, with large and linear haemorrhages both 
in thigh and leg below knee. Tissues of non- 
injected leg are pale, and blood-vessels seem 
empty. A little edema of trunk, with small 
hemorrhages at throat. Stomach and intes- 
tines contained much blood. 

Do. do. After death, hemorrhages of injected 
leg from the urostyle to the ankle; none of 
non-injected leg, where blood-vessels seem 
nearly empty. Blood in alimentary canal 


(Plate C, fig. 3). 


a leg below the knee. 


Discoloration and swelling of left leg below 
knee, and swelling of abdomen and throat. 
Motor weakness. Blood-stained fluid passed 
per ano on 6th day. After death, large effusion 
of blood in left leg below knee and in left foot, 
and a few punctiform hemorrhages in left thigh. 
Pallor of all other subcutaneous tissues of limbs 
and trunk. No blood in stomach, and only a 
very little in small and large intestines. 

No definite symptoms. Ajter death, numerous 
punctiform and linear hemorrhages in left leg 
and foot, a smaller number in left thigh, and 
a very few in right thigh and leg and in pec- 
toral muscles. Stomach, lower part of small 
intestines, and large intestine distended with 
reddish-brown contents, containing much blood, 

Swelling of left leg below knee in 2 days. Re- 
spiratory and cardiac movements remained 
unchanged for 6 days, and on sixth day blood 
was passed per ano, After death, much blood- 
stained serum in subentaneous tissues through- 

| out body, punctiform haemorrhages in left leg 
and foot, much fewer in both thighs and floor 
of mouth. Stomach and small intestines dark 
purple and containing blood. Large intestine 
contains less blood. 

Only elotted blood passed on 2nd day, and sume 
swelling of left leg below the knee. After 
death, blood-stained serum, congestion, and 
hemorrhages on surface of muscles in left leg 
helow knee, where left gastrocnemius is dark 
crimson and ecchymosed-looking, and adjoining 
muscles are mottled with dark reddish-brown 
patches. A fewsmall hemorrhages in left thigh. 
Stomach containsa little and large intestine acon- 
siderable quantity of matter containing blood. 


| 
| 
| 
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From the evidence of these experiments the conclusion may be drawn that the 
poison of the Government of India arrows consists chiefly, if not entirely, of the 
ground seeds of a croton plant, probably Croton Tigliwm, with which various inert 
substances are mixed for the purpose of increasing the adhesion of the poison to the 
arrow-head and shaft.* 


D. GENERAL OBSERVATIONS AND RESULTS, WITH SUMMARY. 


The experiments have shown that in warm-blooded animals the croton arrow- 
poison restricts its effects to the parts with which it is brought into contact, where 
it produces a strictly localised inflammation, and, if the quantity be large, suppuration 
and even necrosis. 

It may be inferred that a similar strictly localised effect is produced in man. 
Arrows thus poisoned cannot be regarded as lethal weapons because of the poison — 
they diffuse throughout the body. Their strictly local effects could successfully be 
dealt with by the surgeon, in the same way as any other localised inflammation. If, 
however, they be not so dealt with, as would happen among barbarous tribes, it is- 
not unlikely that general septiceemia would occur. In contrast with a poison which is 
quickly absorbed into the blood, such as aconite, death would not occur until long after 
the insertion of a croton arrow into the body, and the Abors themselves state that | 
this period may be so long as six weeks.t At the same time, the above experiments 
do not support the suggestion that there is any special septic virus in this poison. 
In our modern conception, the arrows, no doubt, are far from being surgically clean, 4 
but they are no more unclean than the arrows poisoned with aconite, and no 
irritative effects, in the least degree comparable with those produced by croton, were 
caused either by small or large administrations of the aconite-poisoned arrows. | 

As to the lethality in man of the aconite-poisoned arrows, it was found that the 
poison removed from several of them had rather less than an average weight of one 
gramme. Of the warm-blooded animals used in these experiments, it may be assumed 
that the rat would have a resisting power nearer to man than that of any of the 
other animals. Accordingly, as the minimum lethal dose for the rat is with Colonel 
BaILey’s arrow-poison 0°005 grm. per kilo, one arrow would be a little more 
than sufficient to kill three men of ten stone weight each; as with Sir WYVILLE 
THOMSON’S arrows the minimum lethal dose is 0°025 grm. per kilo, one arrow 
would be insufficient to kill one man; as with Surgeon-General Sir ARTHUR 
SLOGGETT’sS arrows the minimum lethal dose is 0°075 grm. per kilo, one arrow would 
be sufficient to kill only the fifth part of a man; and as with Captain Macpona.p’s 
arrows the minimum lethal dose is 0°1 erm., one arrow could kill only the sixth part 


* While this paper was passing through the press, I received by the courtesy of Professor Casu, of Aberdeen, a 
paper recently published by himself and Water J. Dintane, on the oil and seeds of Croton Elliotianus, in which many 
reseniblances in action are shown to exist between this croton and (. Tigliwm. 

+ Letter from Major Davinson, I.M.S., 16th October 1912. 
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of a man, or he would require to be transfixed, within a short time, with at least 
six of these arrows. 

Applying these data to elephants and buffaloes, for whose slaughter poisoned 
arrows are stated to be used by the Abors and Mishmis, and assuming the weight of 
an elephant to be two and a half tons or 2540 kilos, the minimum lethal dose of 
the most virulent of the aconite arrow-poisons examined would be 12°7 grammes, or 
that carried by thirteen arrows; and, similarly, a buffalo of the weight of thirteen 
or fourteen hundredweights or about 700 kilos would require to be transfixed with 
four or five arrows. 

Against the accuracy of these several deductions there are the probabilities that 
when inserted into muscular and other deeply placed structures the aconite poison 
would be absorbed less slowly than when subcutaneously injected and that when 
recently prepared the poison would be more active than after it had been weather- 
exposed for a considerable time. In regard to the latter probability, it is, indeed, 
stated to be customary to prepare the poison a short time before it is used in warfare 
or hunting expeditions. 

Even with these reservations, the above estimates of lethality probably overstate 
the death-producing capacity of the aconite-poisoned arrows which I have examined, 
for the physical state of the poison would render its solution and absorption a tardy 

process, so that only a part of the total poison of an arrow could be operative in any 
: given time. 

This retardation in action would no doubt also be aided by the several sub- 
stances incorporated with the arrow-poisons, which are nearly all inert- substances 
having adhesive qualities. Thus the sap of the jack-fruit tree (Artocarpus 
imtegrifolia) and, as we have seen, the powdered interior of the seed of Hntada 
scandens are stated to be incorporated with the aconite arrow-poisons ; the juice of 
the elephant apple (Feronia elephantum) with the croton arrow-poisons; and pig’s 
blood or the venom of a serpent with some of the arrow-poisons, but only on 
vague evidence. 

Of the two groups of poisoned arrows, the evidence is not sufhcient to render it 
certain that either is alone used by the Abors or by the Mishmis.* It is, however, 
sufficient to render it probable that arrows poisoned with croton are chiefly used by 
the Abors, and those poisoned with aconite by the Mishmis. To a certain extent 
this preference may be explained by the former being cultivated in the lower 
grounds of the valleys included in the territory of the Abors, and therefore easily 
obtained by them; whereas aconite plants grow chiefly on the higher elevations 
of the Himalayas and in Thibet, and therefore are more easily obtained by the 
Mishmis. 


* Some Abor poisoned arrows have been examined hy Major Winpsor, I.M.S., and by Cuuna Lat Boss, M.B., 
F.C.S., chemical examiners to the Government of India. The former expresses the opinion that a substance derived 
from the root, twigs, and leaves of a croton plant is the toxic ingredient, and the latter that either aconite or croton 


oil may be the poison. 
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From information derived from the tribesmen, arrows poisoned with croton are 
preferred in warfare, because, in their experience, death from aconite arrows can 
generally be prevented by merely washing the poison out of the wound with water; — 
whereas croton arrow wounds, even if so treated, cause local effects which are likely 
to result in death by secondary septic poisoning. a 

Some of the facts stated in Table XIII appear to support this preference oa 
belief, as they show that if even so minute a quantity as 0°001 grm. (¢4-grain) | 
of croton arrow-poison remain in a wound in a mammal, decided local inflamma- 
tion will be produced, while 0°02 grm. (4-grain) is capable of causing severe and 
eeancn local inflammation. Assuming from the data that have been oa 


that ould be inserted into the body ral a croton- ee arrow. Confirming iat * 
capability of minute quantities of this arrow-poison to produce severe local effects, is 
the custom of the Abors to use the same arrows over and over again without 
renewing the poison. 

Apart from the question of the toxicity of the Abor and Mishmi poisoned arrows, © 
the results obtained are also of interest in showing :—(a) that the aconite arrow- 
poisons cause a paralysing effect on respiration which greatly exceeds that on the | 
heart, thus indicating the existence in them of a larger quantity of pseudo-aconitine 
than of aconitine, and, therefore, the preparation of these poisons from one or more — 
of these species of aconite in which a preponderance of the former alkaloid exists ; 
and (b) that while the croton arrow-poisons are relatively innocuous to warm-blooded — 
animals and, therefore, presumably to man, they are extremely toxic to such cold- 
blooded animals as frogs, a peculiarity which they share with the seeds and oil of 
Croton Tiglhum. 


SUMMARY. 


1. The active ingredient of the poison of the Abor and Mishmi poisoned arrows — 
is, in some of them, aconite, and, in others, croton oil. The former, apparently, is 
generally used by the Mishmis, and the latter by the Abors. 

2. Although sufficient botanical materials have not been obtained to identify the 
species of aconite, the nature of the pharmacological action suggests that the species 
is one containing relatively more pseudo-aconitine than aconitine and, therefore, 
more resembling Aconitum ferox and A. heterophylloides than A. Napellus. 

3. The arrow-poisons containing aconite were found to be much more lethal in 
warm-blooded animals than those containing croton; but the aconite-poisoned arrows 
that were examined carried usually too little aconite for a single arrow to produce 
death in man, even if the whole of the poison should be quickly absorbed. 

4. The arrow-poisons containing croton, on the other hand, were found to be 
incapable of producing death in warm-blooded animals by the absorption of the 
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poison into the circulation, and could do so only tardily by rendering the animal 
more susceptible to septiceemia, following inflammatory and even necrotic changes 
in the tissues into which the poison had been inserted. 

5. While thus relatively inert in warm-blooded animals, and presumably, there- 
fore, in man, the croton arrow-poison is extremely toxic in cold-blooded animals, 
being for them one of the most lethal of poisons, readily absorbable into the circula- 
tion and producing irritation and hemorrhages in parts remote from the locality of 
insertion, and the latter, especially, in the alimentary canal. Remote effects may be 
produced even without any obvious evidence of local irritation in the place into 
which the poison has been inserted. These remarkable peculiarities in the action 
of the Government of India arrow-poison are reproduced by its ether extract and 
by the oil of Croton Tighum. 

6. Excepting failure to cause general action in warm-blooded animals, it is in- 
teresting to note that in many of their important effects, croton arrow-poisons as 
well as croton oil reproduce the eftects of viperine venoms.* 


EXPLANATION OF PLATES. 


Puate XCVIII. 


Fig. 1. Bamboo quiver containing aconite-poisoned arrows, with basket-work lid, bands, and side 
receptacle. From the Mishmi country. From Colonel Barney, R.E. About one-fifth of actual size. For 
description, see p. 903. 

Fig. 2. Bow used by Abors and Mishmis in shooting poisoned arrows. From Surgeon-General Sir 
Atrrep Stoeeerr. About one-fourth of actual size. For description, see p. 907. 

Fig. 3. Bamboo quiver filled with croton-poisoned arrows, with bamboo lid and without side receptacle. 
From the Government of India. About one-fifth of actual size. For description, see p. 911. 


Puatze XCIX. 
Abor and Mishmi arrows, illustrating the chief differences in their form. Actual size. 


Fig. 1. Arrow prepared for the poison, showing string wound spirally round the upper part of the shaft 
to increase the adhesion of the poison. From Colonel Bamey. For description, see p. 903. 

Fig. 2.+ Aconite-poisoned arrow from the Mishmi country, showing poison on arrow-head and shaft, and 
markings of underlying spiral of string. From Colonel Batey. The feathering consists of actual bird 
feathers. For description, see p. 910. 

Fig. 3. Croton-poisoned arrow from the Abor country, showing the poison thickly smeared on the head 
and shaft, markings of underlying string, and rounded extremity and rude construction of the arrow-head. 
From the Government of India. The feathering consists of pieces of palm leaf. For description, see pp. 
910 and 911. 

Fig. 4. Croton-poisoned arrow from the Abor country, showing exceptionally well-made and sharply 
pointed arrow-head. From the Government of India, The feathering consists of pieces of palm leaf. For 


description, see pp. 910 and 911. 


* “The Action of the Venom of Echis carinatus,” by the Author and Dr Jamus Guyy, Philosophical Transactions 


of the Royal Society of London, Series B, vol. ccii, 1911, pp. 1-27. 
+ Fig. 2 represents one of the smallest, and fig. 4 one of the largest, of the Abor and Mishmi poisoned arrows. 
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Puate C.* 


Fig. 1. Ventral aspect of a frog after the injection of 0°02 grm. per kilo of ether extract of the pois on 
of Government of India poisoned arrows under the skin of the ventral aspect of the left leg below the kn 
Shows absence of hemorrhages at the ventral aspect of the left leg where the poison has been inserted, ; 
also, no hemorrhages in the right posterior extremity. On the other hand, the exposed stomach ant 
testines are seen to contain much blood (p. 921). 

Fig. 2. Dorsal aspect of the posterior extremities of a frog, after the injection of 0-05 grm. pe 
of Government of India arrow-poison under the skin of the right thigh. Subeutaneous and muse 
hemorrhages are seen throughout the whole of the right posterior extremity, from the lower dorsum 
foot, and a few hemorrhages in the left thigh. Blood was found in the contents of the alimentary ¢ 
(p. 916). 

Fig. 3. Dorsal aspect of the lower extremities of a frog, after the injection of 0-05 grm. per kilo of 
oil under the skin of the right thigh, Shows many hemorrhages in the right posterior extremity, fro 
urostyle to the foot. There was also blood in the alimentary canal. There were no hemorrhages un 
the skin except in the right posterior extremity (p. 925), 


* JT am indebted to Mr RicHarp Muir for the coloured illustrations in this Plate. They well reprodu 
original appearances. . 
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